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INTRODUCTORY NOTE 


About two-thirds of Illinois lies in the corn belt, where most of the prairie 
lands are black or dark brown in color. In the southern third of the state, the 
prairie soils are largely of a gray color. This region is better known ag the 
wheat belt, altho wheat. is often grown in the corn belt and corn, is also a com- 
mon crop in the wheat belt. 

Moultrie county, representing the corn belt; Clay county, which is fairly 
representative of the wheat belt; and Hardin county, which is taken to repre- 
sent the unglaciated area of the extreme southern part of the state, were se- 
lected for the first Illinois Soil Reports by counties. While these three county 
soil reports-were sent to the Station’s entire mailing list within the state, sub- 
sequent reports are sent only to those on the mailing list who are residents of the 
county concerned, and to any one else upon request. 

Each county report is intended to be as nearly complete in itself as it 
is practicable to make it, and, even at the expense of some repetition, each 
will contain a general discussion of important fundamental principles in order 
to help the farmer and landowner understand the meaning of the soil fer- 
tility invoice for the lands in which he is interested. In Soil Report No. 1, 
“Clay County Soils,’’ this discussion serves in part as an introduction, while 
in this and other reports, it will be found in the Appendix; but if necessary it 
should be read and studied in advance of the report proper. 


BOND COUNTY SOILS 


By CYRIL G. HOPKINS, J. G. MOSIER, J. H. PETTITT, anv O. 8S. FISHER 


Bond county is located nominally in the lower Illinois glaciation, but much 
of the area, especially the northwestern part, extends over the broad transition 
zone between the lower and the middle divisions of the Tilinois glaciation, and 
for this reason some of the soil types are rather better than the average soils of 
the same type in southern Illinois. 

This zone seems once to have been an extensive morainal region. Altho 
some moraines still exist as long ridges, most of them have been reduced by 
erosion to rounded hills, so that only 414 percent of the county is now covered 
by such formation. Other hilly lands, formed largely by stream erosion, oc- 
eupy more than 16 percent of the area. : 

The topography of the more extensive undulating and level uplands was 
probably produced very largely by the influence of an ice sheet which once cov- 
ered this region. Like most of the state, this county was overlain by an ice sheet 
during what is known as the Glacial period. During that pericd accumulations 
of snow and ice in parts of Canada became so great that they pushed southward 
until a point was reached where the ice melted as rapidly as it advanced. In 
moving across the country, the ice gathered up all sorts and, sizes of stone and 
earthy materials, including masses of rock, boulders, pebbles, and smaller par- 
ticles. Some of these materials were carried for hundreds of miles and rubbed 
against the surface rocks or against each other until ground into powder. When 
the limit of advance was reached, where the ice largely melted, this material 
would accumulate in a broad undulating ridge, or moraine. hen the ice melted 
away more rapidly than the glacier advanced, the terminus of the glacier would 
recede and leave the moraine of glacial drift to mark the outer limit of the ice 
sheet. 

The ice made many advances and with each advance and recession a 
terminal moraine was formed. These moraines are now seen as broad ridges 
that vary from one to ten miles in width. Thruout the state these advances and 
recessions of the ice sheet left a system of terminal moraines (irregularly con- 
centric with Lake Michigan) having generally a steep outer slope while the 
inner slope is longer and more gradual. (See state map in Bulletin 123.) 

The material transported by the glacier varied with the character of the 
rocks over which it passed. Granites, limestones, sandstones, shales, etc., were 
mixed and ground up together. This mixture of all kinds of boulders, gravel, 
sand, silt, and clay is called boulder elay, till, glacial drift, or simply drift. 
The grinding and denuding power of glaciers is enormous. A mass of ice 100 
feet thick exerts a pressure of 40 pounds per square inch, and this ice sheet may 
have been huridreds of feet in thickness. The materials carried and pushed 
along in this mass of ice, especially the boulders and pebbles, became powerful 
agents for grinding and wearing away the surface over which the ice passed. 
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Ridges and hills were rubbed down, valleys filled, and surface features changed 
entirely. 

As the glacier melted in its final reeession, the material carricd in the great 
mass of ice was deposited somewhat uniformly, yet not entirely so, over the 
intermorainal tracts, leaving extensive areas of level, undulating, or rolling 
plains. 

The depth of glacial drift in Bond county varies from a few feet to more 
than 200 feet, as shown by borings for wells and mines. A thickness of 204 feet 
was determined, by a boring in Greenville. Leverett’s estimate for the average 
thickness of the drift in the county is 85 feet. 

The lower Illinois glaciation is characterized by light-colored soils which 
are usually strongly acid, whereas in the middle and upper Illinois glaciations 
the darker colored corn-belt soils predominate. 


PHYSIOGRAPHY 


The highest point in Bond county, 650 feet, is in section 30, township 7 
north, range 2 west, while the lowest, about 480 feet, is in the Kaskaskia bot- 
toms in the southeast corner of the county. This gives a difference in altitude 
of 220 feet. The following are the altitudes in fect above sea level of some sta- 
tions and towns: Greenville, 555; Hookdale, 503; Mulberry Grove, 549; Perrion, 
517; Pocahontas, 498; Reno, 585; Sorento, 591; Stubblefield, 510; Smithboro, 
548; Tamalco, 465; Baden Baden, 495; Old Ripley, 540; Pleasant Mound, 515. 

The entire county lies in the drainage basin of the Kaskaskia or Okaw river, 
the general slope being from north to south. About three-fourths of the area 
is drained thru Shoal creek and its tributarics and thence into the Kaskaskia, 
while about one-fourth of the area along the east side is drained directly into 
the Kaskaskia by means of small tributaries. (Beaver creek is a tributary of 
Shoal creek.) The large streams of the county have cut valleys varying from 
25 to 125 feet below the upland, the deeper ones being in the northern part of 
the eounty. These valleys have permitted considerable erosion by the small 
tributaries, and as a result the upland adjacent to the larger streams is usually 
eut up into hills and valleys unsuited to ordinary agriculture. Before the land, 
was put under cultivation, forests had advanced up the streams and were slowly 
invading the prairies, thus producing a belt of timber soil along the streams. 


Sort Materia AND Sor TyPEs 


The Illinois glacier covered Bond eounty and left a thick mantle of drift, 
completely burying the old soil that preceded it. Then a long period elapsed, 
during which a soil known as the old Sangamon soil was formed on the surface 
of this drift. Later other ice invasions occurred, but they covered only the 
northern part of the state. (See state map in Bulletin 123, Iowan and Wis- 
eonsin glaciations.) 

These later ice sheets did not reach Bond county, but finely ground rock 
(rock flour) in immense quantities was carried south by the waters from the 
melting ice and deposited on the flooded plains, where, when dry, it was picked 
up by the wind, carried farther, and finally deposited on the surface, burying the 
old Sangamon soil’ to a depth of 5 to 20 feet or more. This wind-blown material, 


*The Sangamon soil may sometimes be seen in cuts as a somewhat dark or bluish sticky 
clay or a weathered zone of yellowish or brownish clay. 


1913] Boxp County 3 


ealled loess, is a mixture of all kinds of material over which the glacier passed. 
It may be recognized as a yellow, fine-grained material naturally free from 
glacial pebbles, usually underlain by the pebble-bearing drift. 

After the loessal material was deposited over the country, the surface 
stratum became mixed with more or less organic matter and thus was gradually 
changed into soil. Surface washing has produced other changes. 

The soils of Bond county are divided into the four following classes: 

(1) Upland prairie soils. These were originally covered with wild prairie 
grasses, the partially decayed roots of which have been the chief source of the or- 
ganic matter. The flat prairie land, naturally poorly drained, contains the higher 
amount of organic matter because the grasses and roots grew more luxuriantly 
there and were largely preserved from decay by the higher moisture content of 
the soil. 

(2) Upland timber soils, including those zones along stream courses over 
which forests once extended. These soils contain less organic matter than the 
upland prairie soils, because the large roots of dead trees and the surface ac- 
cumulations of leaves, twigs, and fallen trees were burned by forest fires or 
suffered almost complete decay. The timber lands may be divided roughly into 
three classes: the level, the undulating, and the hilly areas. 

(3) Ridge soils, including those on morainal ridges, most of which have 
been forested. They may be divided into pervious and tight (almost impervious). 
The former class includes some of the best soils of the county, while the soils 
of the latter class are among the poorest. 

(4) Bottom-land soils, including the flood plains along streams. 


TasLE 1.—So1, Types oF Bonp Country 


: ‘Area Percent 
Soil . Area 
type No. Name of type in ae én-nores . aie 
(a) Upland Prairie Soils (page 24)” 
330 |Gray silt loam on tight clay........eeceee eee eee eed 121.49 | 77 754 32.66 
328 Brown-gray silt loam on tight clay.........-----..-- 61.49 | 39 354 16.54 
329 Drab.:silt LOA «iio. gecb.0 ccs Gie pics beesd a Reece dado eieIw anda’ 2.46 1 574 66 
331 Deep gray silt loaM....... cece eee ee eee eee e eens 2.19 1 401 59 
325.1 \Black silt loam on clay.........eee eee e eee eee cee 2.48 1 587 67 


(b) Upland Timber Soils {page 33) 


334 Yellow-gray silt loam. 48.76 | 31 206 13.13 


335 ~=—s«:|| Yellow silt loam...........-2---00 .-| 60.09 | 38 458 16.15 
332 (Light gray silt loam on tight clay ‘ 16.45 | 10 528 4.42 
332.1 |White silt loam on tight clay...........2+--eee eee ee 68 435 18 
(ce) Ridge Soils (page 42) 
235 =: f Yellow silt loam... ... ccc eee cece cee eens 12.41 7 942 3.33 
233 Gray-red silt loam on tight clay. 5 1.44 922 39 
245 =| Yellow fine sandy silt loam.............2.0ee eee 1.98 1 267 53 
(d) Bottom-Land Soils (page 44) 
18381 {Deep gray Silt loam........ eee eee e eee eee eee 26.22 | 16 781 7.05 
13826 Deep brown silt loam............ cece eee ence eee 18.74 8 794 3.70 
ir eee ere peg cates Siukbaed Gaus eelen ee cals 871.88 238 003 | 100.00 


Table 1 shows the area of each type of soil in the county, and its percentage 
of the total area. The accompanying map shows the location and boundary lines 
of every type of soil in the county, even down to areas of a few acres; and in 
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Table 2 are reported the amounts of organic carbon (the best measure of the or- 
ganic matter) and the total amounts of the five important elements of plant food 
contained in 2 million pounds of the surface soil of each type (the plowed soil of 
an acre about 624 inches deep). In addition, the table shows the amount of 
limestone present, if any, or the soil acidity as measured by the amount of lime- 
stone required to neutralize the acidity existing in the soil.* 


THE INVOICE AND INCREASE OF FERTILITY IN BOND COUNTY 
SOILS 


Som, ANALYSIS 


In order to avoid confusion in applying in a practical way the technical 
information contained in this report, the results are given in the most simplified 
form. The composition reported for a given soil type is, as a rule, the average 
of many analyses, which, like most things in nature, show more or less varia- 
tion; but for all practical purposes the average is most trustworthy and. suf- 
ficient. (See Bulletin 123, which reports the general soil survey of the state, 
together with many hundred individual analyses of soil samples representing 
twenty-five of the most important and most extensive soil types in the state.) 

The chemical analysis of a soil gives the invoice of fertility actually pres- 
ent in the soil strata sampled and analyzed, but, as explained in the Appendix, 
the rate of liberation is governed by many factors. Also, as there stated, prob- 
ably no agricultural fact is more generally known by farmers and landowners 
than that soils differ in productive power. Even tho plowed alike and at the 
same time, prepared the same way, planted the same day with the same kind 
of seed, and cultivated alike, watered by the same rains and warmed by the same 
sun, nevertheless the best acre may produce twice as large a crop as the poorest 
acre on the same farm, if not, indeed, in the same field; and the fact should be 
repeated and emphasized that the productive power of normal soil in humid see- 
tions depends upon the stock of plant food contained in the soil and upon the 
rate at which it is liberated. 

The fact may be repeated, too, that crops are not made out of nothing. 
They are composed of ten different elements of plant food, every one of which 
is absolutely essential for the growth and formation of every agricultural plant. 
Of these ten elements of plant food, only two (carbon and oxygen) are secured 
from the air by all plants, only one (hydrogen) from water, while seven are 
secured from the soil. Nitrogen, one of these seven elements secured from the 
soil by all plants, may also be secured from the air by one class of plants 
(legumes) in case the amount liberated from the soil is insufficient. But even 
the leguminous plants (which include the clovers, peas, beans, alfalfa, and 
vetches), in common with other agricultural plants, secure from the soil alone six 
elements (phosphorus, potassium, magnesium, calcium, iron, and sulfur) and 
also utilize the soil nitrogen so far as it becomes soluble and available during 
their period of growth. 

'The figures given in Table 2 (and in the corresponding tables for subsurface and sub- 
soil) are the averages for all determinations, with some exceptions of limestone or acidity 
present. Some soil types, particularly those which are subject to erosion, may vary from 
acid to alkaline, especially in the subsurface or subsoil; and in such cases abnormal results 


are discarded, a report of the normal conditions being more useful than any average of 
figures involving both plus and minus quantities. 
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Table A in the Appendix shows the requirements of large crops for the 
five most important plant-food elements which the soil must furnish. (Iron 
and sulfur are supplied normally from natural sources in sufficient abundance, 
compared with the amounts needed by plants, so that they are never known to 
limit the yield of common farm crops.) 

As already stated, the data in Table 2 represent the total amounts of plant- 
food elements found in 2 million pounds of surface soil in Bond county, which 
corresponds to an acre about 624 inches deep. This includes at least as much soil 
as is ordinarily turned with the plow, and represents that part with which the 
farm manure, limestone, phosphate, or other fertilizer applied in soil improve- 
ment is incorporated. It is the soil stratum that must be depended upon in large 
part to furnish the necessary plant food for the production of crops, as will be 
seen from the information given in the Appendix. Even a rich subsoil 
has little or no value if it lies bencath a worn-out surface, for the weak, shallow- 
rooted plants will be unable to reach the supply of plant food in the subsoil. If, 
however, the fertility of the surface soil is maintained at a high point, then the 
plants, with a vigorous start from the rich surface soil, can draw upon the sub- 
surface and subsoil for a greater supply of plant food. 

By easy computation it will be found that the most common prairie soils of 
Bond county do not contain in the plowed soil more than enough total nitrogen 
for the production of maximum crops for twenty-two years; while the upland 
timber soils contain, as an average, even less nitrogen than the prairie land. 

With respect to phosphorus, the condition differs only in degree, nearly 
nine-tenths of the soit area of the county containing no more of that element 
than would be required for ten erop rotations if such yields were secured as are 


TABLE 2.—FERTILITY IN THE Soins oF Bonp County 
Average pounds per acre in 2 million pounds of surface soil (about 0 to 6% inches) 


Soil ; Total | Total } Total | Total | Total Total | Lime- | Soil 
type Soil type organic| nitro- | phos- | potas- /magne- calcium| Stone | acidity 
No. earbon| gen |phorus| sium | sium present jpresent 
Upland Prairie Soils 

330 (Gray silt loam on 

tight clay............ 25 620) 2 640 770 | 27 410; 4 710) 5 200 560 
328 |Brown-gray silt loam on | 

tight clay............ 29 490/2 840 670/31 040| 4 590); 6 210 100 
329 |Drab silt loam......... 36 400] 3 640 720/29 780) 6 320| 7 500 120 
331 |Deep gray silt loam....| 29 460|2 840, 680|24 180) 3 780; 4 040 960 
325.1|Black silt loam on clay.| 56 540|4 760] 1 020; 32 540} 9 820] 15 540 20 

: _ Upland Timber Soils ” 

334 |Yellow-gray silt loam..| 26 440/2 530 470| 35 500; 5 870} 5 320 320 
335 | Yellow silt loam.......| 22 110/2 068 696|36 024) 6 444; 5 040 940 
332 |Light gray silt loam on 

tight clay............ 18 780|1 760 740|26 9801 4 720; 4 110 280 
332.1] White silt loam on tight 

NAY: ccwwiscsrandnyn ve caes 14 860) 1 360 660; 30 1201 4 380| 5 400 1 400 

Ridge Soils 

235 | Yellow silt loam....... 21 340/ 1 940 740/88 940| 5 400| 8 240 20 
233 |Gray-red silt loam on 

tight clay............ 35 700/3 600 820] 25 600| 7 140! 6 580 400 
245 Yellow fine sandy silt : 

GOAN isd cds daeaadiens 23 120| 2 659 720; 39 040{ 5 700| 9 850; 30 

Bottom-Land Soils 

1331 |Deep gray silt loam....| 33 200|3 120| 1 640/37 240} 9 160| 7 380 80 
1326 |Deep brown silt loam..| 23 420|2 100| 1 100/34 480| 7 080| 9 760 20 
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suggestedin Table A of the Appendix. It will be seen from the same table that 
in the case of the cereals about three-fourths of the phosphorus taken from the 
soil is deposited in the grain, while only one-fourth remains in the straw or 
stalks, 

On the other hand, the potassium is sufficient for 20 centuries if only the 
grain is sold, or for 300 years even if the total crops should be removed and 
nothing returned. The corresponding figures are about 1,200 and 300 years for 
magnesium, and about 5,000 and 120 years for calcium. Thus, when measured 
by the actual crop requirements for plant food, potassium is no more limited 
than magnesium and ealcium, and, as explained in the Appendix, with these 
elements we must also consider the fact that loss by leaching is far greater than 
by cropping. 

These general statements relating to the total quantities of plant food in 
the plowed soil certainly emphasize the fact that the supplies of some of these 
necessary elements of fertility are extremely limited when measured by the needs 
of large crop yields for even one or two generations of people. 

The variation among the different types of soil in Bond county with respect 
to their content of important plant-food elements is also very marked. Thus, the 
richest prairie land (black silt loam on clay) contains about twice as much 
phosphorus and nitrogen as the common upland timber soils; and the bottom 
lands are still richer in phosphorus. The most significant facts revealed by the 
investigation of the Bond county soils are the lack of limestone and the low phos- 
phorus content of the common upland types, which cover nearly 90 percent of 
the entire county. And yet both of these deficiencies can be overcome at a rela- 
tively small expense by the application of ground limestone and fine-ground raw 
rock phosphate; and, after these are provided, clover can be grown and nitrogen 
thus secured from the inexhaustible supply in the air. If the clover were then 
returned to the soil, either directly or in farm manure, the combined effect of 
limestone, phosphorus, and nitrogenous organic matter, with a good rotation of 
crops, would in time double or treble the yield of wheat, corn, and other crops, 
on most farms. 

Until the supply of decaying organic matter has been made adequate, some 
temporary benefit may be derived from the use of a soluble salt or a mixture of 
salts, such as kainit, which contains both potassium and magnesium in soluble 
form and also some common salt (sodium chlorid). About 600 pounds per acre 
of kainit applied and turned under with the raw phosphate will help to dissolve 
the phosphorus as well as furnish available potassium and magnesium, and for 
a few years such use of kainit may be profitable on lands deficient in organic 
matter. The evidence thus far secured, however, indicates that its use is not ab- 
solutely necessary and that it will not be profitable after adequate provision is 
made for decaying organic matter, which contains some potassium and liberates 
additional supplies from the soil. 

Fortunately, some definite field experiments have already been conducted 
on some of these most extensive types of soil in the lower Illinois glaciation, as 
at DuBois in Washington county, at Fairfield in Wayne county, and at Raleigh 
in Saline county. Before considering in detail the individual soil types, it seems 
advisable to study some of the results already obtained where definite systems 
of soil improvement have been tried out on some of these experiment fields in 
different parts of southern Illinois. 


1918} 


Bonp County 


REsuLts or Mieitp EXPERIMENTS AT DuBois 


In Tables 3 and 4 are recorded some exceedingly valuable and instructive 
data. These results have been secured by twelve years of actual trial on the most 
common type of soil in Bond county, gray silt loam on tight clay, which is also 
a very common type in Washington county, where the DuBois experiment field 


is located. 


TaBLE 3.—Crop YiELpDs IN Som ExPrertmments, DuBors Fret: 


Not TILE-DRAINED 


Gray silt noe 02 |Corn| Oats Wheat|Clover|Corn|Oats| Wheat foes Corn| Oats|Clover|Wheat 
tight clay; lower |7992/1903| 1904 | 1905 |1906|1907/ 1908 |>°225li910]1911/ 19124] 1913 
Tilinois glaciation 1909 
a5 Soil 
2 treatment Bushels or tons per acre 
aa) applied 
101/None......-----+ 6.4] 9.44 6.3 | 1.25 | 30.3) 18.8 8 | 3.5 | 25.8/13.1) .46 7 
102;\Lime......... 6.7| 16.2] 6.5 | 1.57 | 35.2] 28.8] 8.0 | 6.7 | 26.2; 24.1) 40 8.7 
103'Lime, crop res....| 5.9) 18.1{ 11.0 | 1.78 | 38.0|/ 38.1) 8.5 | 7.2 | 33.6) 31.9) (.92)| 14.7 
104\Lime, phos......., 13.4] 25.9} 25.0 | 2.42 | 38.7) 43.8) 17.8 | .8.5 | 17.6) 40:9] 1.02 | 21.0 
105|Lime, potas....... 11.6] 27.5] 16.2 | 2.22 | 48.8] 37.2] 14.8 | 9.3 | 65.6] 29.1; .81 | 16.8 
106|Lime, res., phos...| 9.3] 25.0] 32.7 | 2.30 | 32.3) 46.6] 19.8 | 8.2 | 30.0) 35.91(2.42)) 29.7 
107|Limo, res., potas..| 6.8] 23.8] 20.2 | 2.34 | 43.6) 43.8) 16.5 | 7.8 | 67.6) 20.1)(3.92)| 21.0 
108/Lime, phos., potas.| 12.4] 30.0| 27.5 | 2.86 | 48.9] 50.0] 20.8 | 9.5 | 73.2) 35.3) 1.34 | 30.2 
109|Lime, res., phos., 

POtAS....seeeee 10.4) 29.1] 33.8 | 2.83 | 46.3) 46.6) 19.7 | 7.8 | 73.2] 38.81(3.00)| 30.2 
110|Res., phos., potas. .| 2.0] 25.6 27,3 | 2.59 | 39.9| 36.9] 10.0 | 6.3 | 66.8] 26.6|(1.67)} 10.7 
Average Increase: Bushels or Tons per Acre 
For lime.....eee eens 3] 6.8 2 82 | 4.9/10.0) 7.2 | 3.2 4) 11.0} ~.06 1.0 
For residues......-+- -—8] 19) 45 21 | 2.8) 9.8 5 O | 74; 7.8) 52 6.0 
For phosphorus. .- 6.7| 9.7| 18.5 | .85 | 3.5/15.0) 9.8 | 1.8 |-8.6/16.8} .62 | 12.3 
For potassium.....--| 49,113] 9.7 | .65 | 13.6} 84) 68 | 2.6 | 39.4; 5.0) 41 8.1 

For res., phos. 
over phos.....--- 4,1} -—9} 7.7 | —12 |-6.4] 2.8} 2.0 | —3 | 12.4; -5.0] 1.40 8.7 
hos., res. 
ae 3.41 6.9] 217) .52 |-5.7] 8.5] 113 | 1.0 |-3.6] 4.0] 1.50 | 15.0 
tas., Tes., phos. 
== ae eons ebee 41) 41) .6 | 53 {14.0} oo] -1 | -4 | 43.2) 2.9) 58] os 
Value of Crops per Acre'in Twelve Years 
a) Soil treatment applied value of | Value of 
jal e1ve crops increase 
10d Nondey cs ot cence » ae aagewevacror acces ex Pate amenc | $58.39 | 
WOD\Lime. ..... cece eee eee enter erent tense ttt este 79,33 $20.94 
103 |Lime, residues. ........ 0.00 ee eee see eee ie 100.88 42,49 
104|Lime, phosphorus eS 131.37 72.98 
105|Lime, potassium....... 0. eee eee eee eee eee ete 133.18 74,79 
106|Lime, residues, phosphorus............. 625s seer eee ees 151.37 92.98 
107|Lime, residues, potassium........ 6. scree eee rnen teenies 156.06 97.67 
108/Lime, phosphorus, potassium........+.-++eeeee ere 171,32 112.93 
109iLime, residues, phosphorus, potassium.................4 | 180.83 122.44 
110|Residues, phosphorus, potassium........++-secsereeeee? 130.23 71.84 
r Cost of 
Value of Increase per Acre in Twelve Years inatense 
For lime... cccksecceenet antes cor eed idee tas cece ea ae rw eee $20.94 $10.00? 
Or TOMANOB 2 sc.cs ans ewe news eee EE OARS Bee ae ee 21.55 g 
For phosphorus. ......... 0.0. cc cee eee e een e eet eneneees 52.04 30.00 
For residues and phosphorus over phosphorus.............- 20.00 ¢ 
For phosphorus and residues over residues..............+-- 50.48 30.00 
For potassiwm, residues, and phosphorus over residues 
and phosphorus.......... 00. cc eceeee ener eceseeee ners 29.46 30.00 


1 Figures in parentheses indicate bushels of seed; the others, tons of hay. 
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Has tile drainage been profitable? There are 120 comparisons which bear 
on the answer to this question, and the average of all these results summarized 
in terms of value shows that the tile drainage has paid $5.59 per acre in twelve 
years, or 47 cents per acre for each year; whereas it would require at least $1.20 
an acre a year to pay 6 percent interest on the cost of the tile drainage, the lines 
of tile being laid five rods apart at a cost of not less than $20 per acre. 


TABLE 4.—Crop YIELDS IN SOIL EXPERIMENTS, DUBOIS FIELD: 


TILE-DRAINED 


Hey ce Corn] Oat8| Wheat | Clover |Corn|Oats|Wheat fe . Corn) Oats| Clover |Wheat 
Bs = BR: ir 4. 
Illinois glaciation 1902/1903/ 1904} 1905 | 1906/1907! 1908 1909 1910/1911] 1912*| 1913 
- Soil 
Ss treatment Bushels or tons per acre 
Ay applied 
111/None............ 1,4) 17.2) 3.3 | 1.29 | 32.5)18.1) 43 | 3.8 | 27.4) 12.2) .40 6.7 
112|Lime............ 8.3,17.2| 11.5 | 1.72 | 33.6] 23.8] 11.0 {| 6.2 | 29.0] 19.4) .66 | 16.5 
113|Lime, crop res....| 2.7/ 20.6] 9.2 | 1.79 | 31.7) 30.0) 14.5 6.7 | 36.6| 27.2/(1.83)| 21.5 
114}Lime, phos....... 6.5| 27.5| 28.3 | 2.27 | 29.7] 381.9) 19.2 | 7.2 | 22.2) 30.9) .71 | 22.8 
115|Lime, potas...... 4.9] 27.2) 14.7 | 2.16 | 47.5) 46.5; 16.2 | 7.8 | 64.2) 26.6] .85 | 21.8 
116{Lime, res., phos...| 8.0] 33.8) 31.2 | 2.44 | 30.5) 45.9) 19.5 | 8.8 | 39.4) 35.6/(2.50)| 37.2 
117|Lime, res., potas..| 7.3} 27.2) 28.3 | 2.52 | 48.3) 39.1] 18.5 | 10.2 | 74.6) 32.2|(2.75)| 28.8 
118|Lime, phos., potas.| 14.1] 25.6] 32.2 | 2.95 | 55.2] 44.4] 23.0 | 10.3 | 76.4] 33.4] 131 | 30.8 
119|Lime, res., phos., 

i ee 10.4) 81.9] 80.5 | 2.89 | 51.6) 42.2] 21.3 | 11.3 | 75.8) 38.8)(2.33)| 29.5 
120|Res., phos., potas.| 4.8] 33.1 28.2 2.79 50.7} 35.3] 12.0 6.7 | 65.4) 28.1/(1.88)| 24.0 
Average Increase: Bushels or Tons per Acre 
For lime..........664 19] 0; 8.2 43} 1.1/10.7) 6.7 | 29 | 16] 7.2) 26] 9.8 
For residues........- -.6} 3.4) -2.3 07 |-19) 6.2) 3.5 5 | 7.6) 7.8) 1.17 5.0 
For phosphorus....:.| 3.2; 10.3| 16.8 55 |-3.9) 8.1) 8.2 | 1.0 |-6.8) 11.5) .05 6.3 
For potassium.......| 1.6) 10.0] 3.2 44 | 13,9) 22.5) 5.2 | 1.6 135.2; 7.2, 19 | 5.2 

For res., phos. { 
over phos.......] 1.5) 63] 29) .17 .8/ 14.0 3 | 1.6) 17.2; 4.7) 179 | 144 
For phos., res. | | 
OVET TES. . eee eeee 5.3} 13.2] 22.0 | 65 |-1215.9) 5.0 21) 28) 84) .G7 | 157 
For potas., res., phos. | ; 
over res., phos...| 24/-1.9) —.7 AS 21.1] -3.7/ 1.8 | 25 | 36.4 3.2) -17 | -7.7 
Value of Crops per Acre in Twelve Years 
3 Soil treatment applied Total value of Value of 
4 twelve crops increase 
LTT NONG sce scis cing nani disleinsrea nee aw bie see NeY SRN eae ae Smee $ 57.66 
112;Lime.............--- 88.97 $ 31.31 
113[Liime, residues...... 66. cece eee ee ee cette eee eens 108.25 50.59 
114|/Lime, phosphorus 121.82 64.16 
115|Lime, potassium... 0.0.02... eee eee teens 133,59 75.93 
116[Lime, residues, phosphorus.........0sseeeeeeeseeeeeees 161.83 104,17 
117|Lime, residues, potassium. .....-- 6.0... ee eee eee eee eee 166.36 108.70 
118|Lime, phosphorus, potassium..........-.++eeeseee eee ee 178.08 120,42 
119|Lime, residues, phosphorus, potassium............--.--. 181.63 123.97 
120|Residues, phosphorus, potassium. .........--+-+-+.+-+e 150.62 92.96 
F Cost of 
Value of serene per ane a Twelve Years snareace 
Wor WiMe ces Gs ik eedee sociiea me at Ok Suk abn harnietece ends $31.31 $10.00? 
For residueS....ccces eee ce terete eeeeees 19.28 ? 
For phosphorus... ......00.e cece cece ee eee eee eens 33.85 30.00 
For residues and phosphorus over phosphorus 40.01 ? 
For phosphorus and residues over residues...........-6--+-4 53.58 30.00 
For potassium, residues, and phosphorus over residues 
and phosphorus... 20.0.0... eee cece rere eee tee eens 19.80 30.00 


1 Figures in parentheses indicate bushels of seed; the others tons of hay. 
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Is the application of lime and phosphorus of benefit on this type of soil? 
The answer to this question is found in the fact that the value of the twelve crops 
on the untreated land amounted to only $58.02, whereas the value of the in- 
erease produced by lime and phosphorus was $68.58, as an average of the two 
series. In other words, this treatment has resulted in an increase greater than. the 
erop produced by the unaided land, raising the crop values from $58.02 to 
$126.60, counting corn at 35 cents a bushel, oats at 30 cents, wheat at 70 cents, 
hay at $6 a ton, clover seed at $6 a bushel, and soybeans at $1 a bushel—prices 
that are probably sufficiently below the ten-year average to provide for the ex- 
pense of application and of harvesting and marketing the increase. It should be 
stated, too, that the application of lime and phosphorus has produced a marked 
improvement in the quality of the crops (especially in the wheat and clover), for 
which eredit is not given in these values. 

The materials used per acre in these experiments were as follows: 5 tons of 
slaked burned lime (applied only at the beginning of the experiments), 2400 
pounds of steamed bone meal (800 pounds for each four-year rotation), and 1200 
pounds of potassium sulfate (400 pounds for each rotation). Other investiga- 
tions (reported in Circulars 110, 127, 157, 165, and 168) have shown that ground 
natural limestone and fine-ground natural rock phosphate are more economical 
and profitable forms of lime and phosphorus, and that the same effect produced 
by potassium sulfate can also be secured at much less expense either by means of 
decaying organie matter (from crop residues, green-manure crops, or farm ma- 
nure), or by the use of less expensive soluble salts, such as kainit, as shown in 
the Appendix. If ground limestone had been used on the DuBois field, $10 
would have paid for the full equivalent of the slaked lime applied, and allowing 
$30 for the bone meal (its actual cost), we find that the inerease produced has 
paid for the materials and left a net profit of $2.38 per aere per annum, or 70 
percent above the cost. As an average of both series, lime alone has paid back 
$26.12 per acre in twelve years, and phosphorus used in addition to lime and 
crop residues has paid back $52.03. Furthermore, about one-third of the lime 
applied and at least two-thirds of the phosphorus applied still remain in the soil 
for the benefit of future crops. 

The potassium (kalium) applied during the twelve years has cost $30, and 
when applied in addition to lime, phosphorus, and crop residues, it has produced 
inereases valued at $24.63, leaving a loss of 45 cents per acre per annum. Further- 
more, the potassium removed is equal to the total amount applied. 

On five duplicate plots in the DuBois field commercial nitrogen was used 
either alone or with other elements during the first three years, but at a large 
financial loss and with no apparent residual effect. Sinee 1907, a system has 
been adopted for these plots which supplies both nitrogen and organic matter 
by means of crop residues. A study of the detailed results shows an increasing 
effect from the organic maiter thus supplied. The value of the increase pro- 
duced by the crop residues during the last rotation (four years) was $13.89 per 
acre where they were used over lime, and $22.79 where they were used over both 
lime and phosphorus, this representing the average of the two series of plots. The 
corresponding figures for the gross return from $45 worth of commercial nitro- 
gen used during the first rotation are $2.16 and $4.21. 
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101 103 103 104 105 106 107 108 109 110 
0 L LR LP LEK LRP LREK LPK LRPK RPK 
$58.39 $79.83 $100.88 $131.37 $133.18 $151.37 $156.06 $171.32 $180.83 $180.23 


Puate 1-—Crop VALUES FOR TWELVE YEARS 
DuBois ExpPERIMENT Fienp; Lanp Not TILE-DRAINED 


(L=lime or limestone; R=residues; P-=phosphorus; K=potassium, or kalium) 
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111 112 113 114 115 116 117 118 119 120 
0 L LR LP LK LRP LRK LPK LRPK RPK 
$57.66 $88.97 $108.25 $121.82 $133.59 $161.83 $166.36 $178.08 $181.63 $150.62 


PLatE 2.—CRoP VALUES FoR TWELVE YEARS 
DuBois EXPERIMENT FIELD; LAND TILE-DRAINED 


{L=lime or limestone; R=residues; P—phosphorus; K-—potassium, or kalium) 
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It should be kept in mind that the first clover to be plowed under on the 
DuBois field was in 1912, the system of supplying nitrogen in crop residues hav- 
ing been practiced only since 1907, and the clover having failed in 1908 owing 
to drouth. The small soybean crop of 1909 furnished but little straw, and the 
other straw and corn stalks are of slow action, so that final conclusions cannot 
yet be drawn as to the benefit of crop residues when the system is fully under 
way. Of course these organie residues are provided not only to furnish nitro- 
gen, but also to aid the liberation of mineral plant food, especially potassium. 
In this connection a study of the effect of potassium is important. 

It is an interesting fact that in aggregate value and. on the corn crop, po- 
tassium has produced thus far an even larger benefit than phosphorus. Either 
one of these elements has paid well when used without the other; whereas neither 
has paid its cost when used in addition to the other. 

The soil type of the DuBois field contains in 2 million pounds of surface 
soil about 800 pounds of phosphorus and 25,000 pounds of potassium. After 
limestone and organie matter carrying nitrogen have been supplied, phosphorus 
is the only addition that is absolutely essential for the maintenance of plant food 
In permanent rational systems of farming. 

A summary of the twelve years’ results shows, as an average of the two 
series, a crop value of $58.02 per acre from the unfertilized land, and increased 
values as follows: 


Hor lime: alone: 304 pousiie.cre gaesed aha Geadaadamaeeieaecan $ 26.12 or 45 percent 
For nitrogen and organic matter over lime...........5 20.41 or 24 percent 
For phosphorus as a further addition,.............405 52.03 or 50 percent 
For potassium as a final addition....................- 24.63 or 16 percent 
For total inerease over untreated land.........ssecees $123.19 or 212 percent 


Thus arranged, the field results are in harmony with what might be ex- 
pected from the chemical composition of the soil. It should be noted that, of the 
$24.63 credited to potassium, $13.98, or more than half, is due to its very 
marked effect upon the corn crop of 1910, when the corn on all potassium plots 
seemed to possess unusual power of resistance against adverse conditions, in- 
eluding an attack by chinch bugs. The corn crop of 1906 also showed benefit 
from potassium, $6.14. Thus $20.07, or four-fifths of the benefit, was produced 
in two of the twelve crops. With the inadequate supply of active organic mat- 
ter thus far provided, potassium applied without phosphorus seems to have in- 
fluenced the liberation of phosphorus from the soil itself, so that the benefit of 
this stimulating action, combined with the possible direct benefit of soluble 
potassium applied for its own sake, has exceeded temporarily the direct benefit 
of applied phosphorus. It must be plain, however, that no system can be per- 
manent which does not provide for the applieation of phosphorus; and that if 
one desires to make the most rapid progress in the improvement of such soil, 
he should use limestone, phosphorus, and kainit, until the supply of organic 
manures becomes sufficient to render the continued use of kainit unprofitable. 
From the information given in the Appendix, it will be seen that kainit pro- 
duces greater benefit than potassium sulfate, and at less expense; so that, while 
potassium sulfate in addition to phosphorus has been used with loss on the 
DuBois field, if kainit were substituted for sulfate it might add to the total 
profits, at least until the soil could be well filled with active organic matter from 
crop residues or farm manure. 
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The beneficial effect of soluble potassium where no phosphorus has been 
added, over a period of twelve years, on the DuBois field, and the fact that 
sodium, an element which has no value as plant food, produced exactly the same 
increase as potassium over a period of twice twelve years on Broadbalk field at 
Rothamsted, only support the following statement quoted on page 208 of Bulle- 
tin 123, ‘‘The Fertility in Illinois Soils’’. 

‘In considering the general subject of culture experiments for determin- 
ing fertilizer needs, emphasis must be laid on the fact that such experiments 
should never be accepted as the sole guide in determining future agricultural 
practice. If the culture experiments and the ultimate chemical analysis of the 
soil agree in the deficiency of any plant-food element, then the information is 
conclusive and final; but if these two sources of information disagree, then the 
culture experiments should be considered as tentative and likely to give way 
with increasing knowledge and improved methods to the information based on 
chemical analysis, which is absolute.’” 


REsvuLts OF Frriup EXPERIMENTS AT FAIRFIELD 


The Fairfield experiment field is divided into four tracts of ten acres each, 
and cultivated in a four-year rotation, consisting of corn, cowpeas or soybeans, 
wheat, and clover. If the clover fails, cowpeas or soybeans may be substituted 
for that season; if the winter wheat fails, oats may be substituted in the spring. 

One half of the field, or twenty acres, is tile-drained, while the other half 
has only the ordinary surface drainage as commonly provided by plowing in 
rather narrow lands and keeping the middle furrows open. On both the tiled 
and the untiled land grain farming is practiced on one half and live-stock farm- 
ing on the other half. A part of each of these divisions is treated with two tons 
of limestone and one ton of fine-ground raw rock phosphate, per acre, every four 
years, while another part is not so treated. 

In the system of grain farming, all produce except the grain or seed is re- 
turned to the land, while in the live-stock farming all produce (or its equivalent) 
is used for feed and bedding and the manure returned to the land in propor- 
tion to the crop yields produced during the previous rotation. Thus, if the 
land treated with manure, limestone, and phosphate. produces, as an average 
in one rotation, one-half larger crops than the land which receives manure alone, 
then one-half more manure is applied to that land for the following rotation. 
Likewise, in the grain system, the clover and other crop residues returned are 
in proportion to the yield produced during the rotation on the respective parts 
of the field. It should be stated that during the first rotation the manure was 
applied in the same amount (8 tons per acre) on all fields in the live-stock 
system. 

The regular plan is to apply the phosphate and plow it under with manure 
or other organic matter, and to apply the limestone immediately after the ground 
is plowed for wheat, in order that the limestone may be mixed with the surface 
soil in the preparation of the seed-bed where clover is to be seeded the following 


"Taken from ‘‘Culture Experiments for Determining Fertilizer Needs,’’ by C. G. H. in 
Cyclopedia of American Agriculture, Volume I, page 475. 
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spring. However, the time and method of application are very secondary mat- 
ters; the important thing is to get the limestone and phosphate on the land and 
well mixed with the plowed soil, altho it is better to mix one with the soil before 
applying the other, because when applied in intimate contact with each other 
the limestone tends temporarily to lessen the availability of the phosphorus, prob- 
ably by immediately neutralizing the nitric, earbonic, and organic acids pro- 
duced in the deeay of organic matter. 

At $1.25 a ton for limestone and $7.50 a ton for rock phosphate, the cost 
of those materials for four years amounts to $10 an acre. After three or four 
rotations, however, the phosphate applications will be reduced to about one-half 
ton, which will reduce the annual expense to about $1.50 per acre. This expense 
would be practically covered by an increase of 4 bushels of corn, 144 bushels of 
cowpeas or soybeans, 2 bushels of wheat, or 14 ton of hay, at very moderate 
prices. 

In Tables 5, 6, 7, and 8 are recorded the erop yields obtained since experi- 
ments were begun on four different series of plots on the Fairfield field.” Only 
two series were under experiment during the first year (1905), and all the first 
four years are to be considered as preliminary, in part because of the impossi- 
bility of securing the ordinary benefits of a four-year rotation during the first 
rotation period, in part because during the first four years, in the live-stock 
system, the manure was applied uniformly regardless of crop yields, and, in 
particular, because the present plan of returning crop residues was not begun 
until the end of the first four years, whereas the use of manure was begun the 


Limestone 
Rock. 
@ Phosphate | 


No 


Treatment 


PLATE 3.—CLOVER ON FAIRFIELD EXPERIMENT FIELD, 1910. (THE FIRST CROP, SHOWN IN PHO- 
TOGRAPHS, WAS CLIPPED AND LEFT ON THE LAND; THE SECOND CROP PRODUCED NO CLOVER 
SEED ON THE UNTREATED LAND, BUT 14% BUSHELS WERE HARVESTED WHERE THE LIMESTONE 
AND PHOSPHATE WERE APPLIED WITH NO POTASSIUM SALTS) 


{Other parts of this experiment field are used for investigations relating to crop produe- 
tion, such as the testing of varieties. 
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first year (1905) on Series 100, the second year (1906) on Series 400, the third 
year (1907) on Series 300, and the fourth year (1908) on Series 200. 

In the fall and winter of 1905-06 a system of tiling with a good grade and 
a satisfactory outlet was laid. Four-inch tiles were placed only four rods apart, 
the two lines on the east half of each series about 20 to 24 inches deep and the 
two on the west half about 36 to 40 inches deep. Before the ditches were filled, 
the tile in Series 400 was covered with about 4 inches of gravel, that in Series 
300 with 4 inches of cinders, and that in Series 200 with 6 inches of straw. In 
Series 100 the tile was covered with only the natural dirt. Some of the tiled 
land of this field is more nearly level than the untiled land, altho the entire field 
is what would be called level prairie land. 

As an average of all results reported in Tables 5, 6, 7, and 8, from these 
four series of plots, the tile drainage has paid $9.11 per acre in eight years, or 
$1.14 per acre for each year; whereas it would require at least $1.50 an acre a 
year to pay 6 percent interest on the cost of the tile drainage, which was not 
less than $25 per acre. It may be added, however, that for the last four years 
the average increased value resulting from tiling has been $1.80 per acre per 
year, which would pay a fair rate of interest on the investment if the cost of 
tiling did not exceed $30 per acre. 

While it is very possible that, with the continued use of clover (the ‘‘best 
subsoiler’’) in the rotation, the tile drainage may ultimately prove to be a profit- 
able investment, it is plain that the first requisites for the improvement of this 
soil are limestone, phosphorus, and organie matter. 


PuatTeE 4.—CLOVER ON FAIRFIELD EXPERIMENT FELD, 1910. (THE FIRST CROP, SHOWN IN 
PHOTOGRAPH, MADE 34 TON OF FOUL GRASS WITH BUT LITTLE CLOVER WHERE MANURE ALONE 
WAS USED, AND 236 TONS OF CLEAN CLOVER HAY WHERE THE SAME AMOUNT OF MANURE 
WAS USED WITH LIMESTONE AND PHOSPHATE WITH NO POTASSIUM SALTS) 


“POPEUITySHT , 
‘key JO SU0} Sogo oy} {poes JO spoysngq oVoIpUT sosoyjuored ul sounSTy , 


Lh as 8s" S'0T a 1 @ [Pee snioydsoyd pie suojseurty 07 onp osverouy 
PPL oT Te SL er vi Sr eS Sie Race bok 0h Gel EUS RRR ee Ss: bee AR TTT TURSIO 
T'6s PE ost | ght TE OOF [terres *snioqdsoyd ‘ouoqsouty ‘semnueur ormesi9 
: L83 698 es T O'sT OT 8°09 *-gnzoqdsoyd ‘ouoyseuny ‘omuepy 
PRT 0°62 ¢9" Le rf 0'Z¢ LOR eee eee eet erence eee SQInITeUT UNE 
FFL Tee 6L° 6S L bars PREY SMS Sie REE Psst Rpsiad a Ri siad s-8 ee eT TRO OIG, 
G'0Z 0'Ze LOT { Okt ST BT2 tae ee meee wee oe ‘snaoqdsoyd ‘omo4ysoutty ‘gonpiseyy 
puB] perrjUA PUL PLL WW0q Jo osus0ay 
STZ 698 ee err 8" T6g joe “snioqdsoyd ‘auoyseuny ‘emmeyy| get 
B'0d 00s 08'T OST ce 96g [ccc ccc ce snzoqdsoqd ‘ouoysowy ‘ommueyy| ee 
s'0r List | 9 2ST OUR || Pektees eee eee ete see amueU wre,T| OT 
€°0T LLT 19° 0'0 Tet aa a ac |=) 1) 99 6 doig 6ZT 
S'6T e's ee'L 8 ST 83 oc cccc ct tt ssnsoqdsoqd ‘ouoysouny ‘sonpisey OT 
__| 8706 LE 06" Ter s Co a Mini cc auc snioqdsoyd ‘auojseury ‘senptsey) ¢ZT 
peuerp-et JOU puey 
39% ot | est LT 62 | 19° *+snaoqdsoyd ‘omoysoury ‘amueyy) OTT 
j 9°96 0°68 cot 8°61 | ous ‘+ -gnioydsoyd ‘ouojseumy ‘ernuey| e1T 
TST F6E 9° se ei yowge joc qaare.e Seoeeessgmmitemt wea] OTT 
SST SP 06° S Tr {ete | rrereseceresesessonprser dog) 60T 
OTS Lee 80'T 9'ST ST gGep [rcccttcc ct snsoqdsoyd ‘ouoysounl ‘senpiseg) 901 
q LOS _STg | sot | st | oT GOS oI tore ‘+++snrzoqdsoqd ‘erojsemry ‘sonptsey| SOT 
powsip-LL Puvy 
eioe 10d suo} 10 sfeysng pordde yuewyeer4 [tog WLI 
: ane 606T 8061 LO6T ane SO6T WOTFIOE[T STOUTTTT TOMO, 
AW -£09 B10) | WAIN | TOTM ~£og WIOD {kepo FST TO wreoy yis ABH 


L SHTETG iT CIMMUIVY ‘SLNEWIudeXq TIOG NI S@IHIX doaQ—s¢ IAVI, 


key JO suo} sloqyo ey} 


‘gs¥is [NCJ pue speom AP SOP] , 


{peas JO sjeysnq o}eoIpur sesoyjueied ul sonst ; 


*doypar AT SOV + 


ELT da oe 0g” as T wees snaoydsoyd pue suojsoul] 0] onp osearIU] 
SOL Lg 0°83 6r s BS See eeseeeerecereeceoerecerrcs -SOInTeM OTUBSIQ 
teatttsy 99 oT 6L° aed es crosses gnroqdsoyd ‘ouoysour ‘sornmeu ormesiC 
Lge OL B'8E 86" cad ST sseeee? -gnoqdsoqd ‘enojseun, ‘emumeyy 
2°81 FL TPE 6g" rT oT ae crete OINUGUL ULB 
) Let 0°9 0°33 or’ C red oo tee ee tees eee eeesssgonpigeg dog 
) 6°63 v9 S'S $9" LT 8B Ff rrreressssenroqdsoqd ‘omoysouty ‘sonprsey 
PUBT peHUy PUT peLL qWyoq Fo oFer0ay 
{ Loge | TL FOF 08'T es “6B suaoydsoyd ‘auojsouy OInuey,| 9¢% 
Bos Lh S88 es’ age a snsoydsogd ‘ouojseuny, ‘emnueyy| ees 
FOL €9 $0 99" oT O'L Liseebeeeeseesssommpur HGF O&Z 
) a) Se 9ST 19° ne Seabee Sauyesas ++s+sgonpisax dozp} 622 
) 9°83 6% S13 9 ST 6% teesereess-gnioqdsogd ‘auojsomt ‘sonpisey) 92% 
) 9TE OTL 608 038° 83 _ be [iirc tt tsnsoydsogd ‘ouoysouny ‘sonpisey! 93g 
pourexp-olT, jou puwy 
; 898 9 | gece 8h 0% CL. [eee snioydsoyd ‘ouoysouny “onus 9TB 
T'8¢ 99 0°68 06" 83 ST trrreeecesessnsoydsoyd ‘ouojsour ‘omnuey} S13 
6°08 8 BLE TS" aT OT ov eeeeeeesergmient areg] O18 
) 302 #8 @8z 03° ¢ ee Trererertseess ssonprsed dorp 60 
) 0°08 6s GS eg eT ; V3 vegnacdanad ‘suojseumr] ‘sonprsey| 903 
) | tres | 6 ¥'3S LY oe. trrrttssnsoydsoyd ‘omojsouy ‘sonptsey| g08 
poUreIp-9[LT, Puey 
~ aioe zed suo} 10 spoysng perdde yuowyee14 [log 01g 
' over | 9985 | goer | zoet | goer | Lae woreTIe[s STOUT, 18M0T 
) | yeaa MOQ wi09 | SANTO yeoqM -hog {keys 4st, uo weor ys Aero 


3 SHIMAg 


!CTH] CIGMUIVY SLNAWINTIXY W0G NI saTalxX aoug—g9 


ROCEAR 


‘ssuid [noz pues speom ATISOW , 


‘key JO suo} siayjo eq} fpaes FO spaqsnq eyeo1put sosoyjuored ul sernsty , 
8h OL | ge | 4OT cv Sea snioydsoyd pue au0}seull] 0} enp esBolDUT 
0°8Z S08 EG 6°Se eg: [perenne ers itr ccived oTueS1Q 
OSE SLE £6 9°9F ge’ verseeees sonroqdsoqd ‘quoysoutt] ‘somnUeU OITeSIO 
8'Fe ae" 2°88 60S | OF fo smaoqdsogd “ouoysount ‘emueyy 
OTS 36" OBE Lge) bef" = ress Qanmenr wre T 
oes | (0012 | OLS Tee ST rresesseeseessgonpser doa 
9°Ge Cont). Se. I SSP te | sae aot eae eee eee ‘snzoydsoyd ‘Qu0] sea] ‘sonptsey 
PURT PTH PUB poly, Woq Jo eSuwsy 
883 : { CLP 16 0's 9¢° SR RTE ES snioqdsogd Quojsouryy ‘omnuey| 9¢e 
ove | TE Ji gee | ov Les (aan Vee “-snaoydsoqd ‘ouoysoury ‘omueyy| gee 
Te 00'T Zee FL l3P 62" LQaeeseiee see yee wale + omnmemr wre,7T| OFe 
BS (oo" ) 6°63 eg Bre OG. = [fe ee ee vrrrr ct tsanptser doz) 638 
B6f | (eg) | 4 S28 g6 gs 1g" vrresrsssssnsoqdsoyd ‘onoysou] ‘souprsey) 938 
OPS 9°es 8 0°68 Or fees snsoydsoyd ‘ouoysouny ‘sonpisey! Soe 
paulVIp-I[LT, you puery 
9°9§ #62 } PPP rai CRF SF ‘snaoydsoyd ‘euojsaurty ‘einuvy{| 9T¢ 
8°68 B08 SOL GOs or + araoqdsond ‘quoqsouly ‘ornuey) ete 
Grog OL | 808 $G ocr Go" ceeeeesese esses *QINUBUE WEE,T) OLE 
6°98 (00° ) 8°SS L'? T'3s oT’ rostereeseessssonptser dom9] 608 
6'FE (cFT) j o'bS 96 BLE sv srorsessssnzoqdsoqd ‘ou0}sourT ‘sonpisey| 90€ 
Pe = if Ge | be 8'0F 60° steeeeeseeegnzoqdsoyd ‘ouoysemny ‘sanpisey 0g 
pourerp-o[h], PUBT 
9108 ze aod $U0} 10 S[aysug pordde yueuryeer} [10g old 
TI6T OT6T | 606T at L06T 906T WONVIOB[S STOUTT[T] TOMO, 
MLO OAC) | s1eO “09 UL09 IQANTD {kepa 4qsr} WO uIBOT 41S Be 


0g Salaag 


T¢ 9'ST 9°- TIT | LS Zs8 ‘+ ++snsoqdsoyd pue omojsourl[ 0} enp esear0uy 
66 Sep g9 og 43 898 crteessrsseses ss SOMmUBUL OTUBsIO 
O°eT 619 6S TOT PS | O'SP ‘snsoydsoqd ‘ouojsauty ‘somuem ormesi9 
OFT Tso 09 9°81 L'9 ~ #08 naoyqdsoyd ‘suoysoml] ‘ornneyy 
g6 LSP T9 09 873 Lor crete SIE BLIe iT 
€0T OF 69 OF os 8'se sreeeeeseacsserececeroucveseosess cgonntgar doig 
iwi , 28g _ 7 se 7 : Let Ah SF 162 . eer ere teens *snzoydsoyd ‘om0ysoUNT] ‘sonpiseyy 
paey pat pue paltry, qyoq jo eBeroay 
¢ST Tg9 i) gor er | oeg "---snzoqdsoyd ‘ouoysouny ‘ommueyy) geF 
9°0 9°89 Le TST 9°9 8'8r -‘snaoqdsogd ‘onojsomry ‘oinueyl| gep 
38 CUP rg TL hard 2'0F MEAGRE RROD eee se eS ON TBIT TACT OF 
6 ong 9 33 ST Oke eee treseeeses sgonpiser doug 627 
Pel | LL SF O°OT FS 98E jo suzoydsoyd ‘ouoysouny ‘sonpisey| gap 
LTT | 6°09 3's igas 0'8 CLP vritttttsnsogdsoyd ‘ouoysouny ‘sonpisoy! Ezy 
peurerp-s]L], Jou puery 
SSL 699 g9 STs LL B6F |iccccc tte snsoydsoyd ‘euoysemr ‘oimmeyq) OTF 
LY 6°99 Lg SIs B38 gog jot “++ +snaoqdsoyd ‘ouoysemty ‘ommeyy| eth 
Z01 pe 69 9°0T $e OTF bitte seer eeee ees eee Comteur ued! OTF 
SIL | FF an eg Ze 9'se nes +++ ssonpriser domo] gor 
POL 6°09 aL OFT TE SSE. |eerrrry ‘++ +snioydsoqd ‘ouoysomy ‘sonptsey! gor 
9°0T Ugg 0's O'9T gg Sire i ‘tit tsnzoydsoyd ‘onoysouny ‘sonpisey! E0F 
pourerp-9LT, puey 
ome wdspymag . || : perdde quomean, Tog Bt) Pe 
= at = 

cere | OT6T eet 806T cae 906T UOTVLoe[S SIOUNTT TOMO, 
-Log wa0H “MOQ Veo AL “M00 m10y fkBlo YqSTY wo ureoy, WIS Ler 


\F SHTSAQ 6 AHI CIZlaMIV] ‘SLNENISEE XY ‘TOG NI S@THIA aow¥j—g TIEVL 


20 Som Report No. 8 [October, 


As a general average of both systems of farming on both the tiled and the 
untiled land, on all series, the increases produced by limestone and phosphorus 
during the first rotation were valued at $9.94" an acre, or about the cost of these 
materials delivered at most railroad stations in southern Illinois. The values of 
the increases in the second rotation averaged $24.19, or nearly two and one-half 
times the cost of the second application of both limestone and phosphate. These 
inereases should be still further augmented in the third rotation because of the 
larger amount of organic manures to be returned to the better yielding land 
and because of the continued positive enrichment of the soil in phosphorus and 
limestone. 

During the first four years, the limestone and phosphate, costing $10, pro- 
duced a gain valued at $7.42 when applied without organic matier, and a gain of 
$12.46 when applied with farm manure; and during the second four years the 
increases due to $10 worth of limestone and phosphate were valued at $19.44 
when applied with crop residues and $28.93 when applied with farm manure. 
By referring to the Appendix (page 57), it will be seen that on the Fairfield 
field potassium salts have produced almost no effect when used in connection with 
farm manure; whereas the largest effect thus far secured from limestone and 
phosphate has been obtained where these materials are applied with farm ma- 
nure. It will be noted, however, that their effect was greater with crop residues 
during the second rotation than with farm manure during the first. Since the 
use of crop residues in these experiments was not begun until four years after 
the first application of manure, no conclusion is justified as to whether the resi- 
due system or the manure system will ultimately prove best for this soil. The 
important thing is that the soil can be profitably enriched’ by either. A cross 
comparison of the average crop values of the four series of plots shows the value 
of four crops as $25.41 with the use of farm manure and $24.18 with the use of 
crop residues, and perhaps this is reasonably trustworthy. Where limestone and 


TaBLE 9.—CrOP VALUES PER ACRE, FAIRFIELD EXPERIMENT FIELD 


First Rotation: Average of Four Series 
i 1 


| : Farm manure 
Soil treatment............. None Farm manure rane i Limestone 
7 | P. Phosphate 
Value of four crops....... $20.84 $25.41 $28.26 $37.87 
Second Rotation: Average of Four Series 


Crop residues 


Farm manure 


Soil treatment............- Crop residues | Farm manure Limestone Limestone 
Phosphate Phosphate 
Value of four crops....... $24.18 $29.51 $43.62 $58.45 


‘Attention is here called to the fact reported in the Appendix (page 57) that at Fair- 
field where potassium salts are applied to one half of the land under experiment they produce 
practically no effect on the manured land, while the effect is very appreciable on the unmanured 
land. Altho the potassium salts are applied to one half of the check plots the same as to one 
half of the land receiving limestone and phosphorus, so that the $9.94 is the actual increase 
produced by the limestone and phosphorus above the return from the land otherwise treated 
the same, nevertheless there is a possibility that on part of the land represented in this result 
the effect of the potassium salts was different where used with limestone and phosphorus than 
where used alone. No potassium salts had been applied to the land where the accompanying 
photographs were taken. 
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phosphate are also used, the corresponding values are $37.87 with manure and 
$43.62 with residues, but this is not a fair comparison because the last value 
($43.62) was secured where two applications of limestone and phosphate had 
been made (see Table 9). 

In Table 9 are summarized concisely the results of the cight years’ work. 
When considered in relation to the possible profitable improvement of the most 
extensive soil type in Bond county, the importance of these figures can scarcely 
be estimated. It should be remembered, too, that this soil is also the most com- 
mon type in about twenty counties in southern Illinois. 

Here we have untreated, well-rotated land producing $20.84 per acre in 
four years; while $58.45 is the value at the same prices for the same four erops 
on land receiving three natural fertilizers—farm manure, ground limestone, and 
fine-ground raw rock phosphate. If it eosts $5 an acre a year to farm the un- 


0 M LP MLP R M RLP MLP 
$20.84 $25.41 $28.26 $37.87 $24.18 $29.51 $43.62 $58.45 
Nn np 4 
First Roration SECOND ROTATION 


Puats 5.—Crop VaLuEs ror Four Yrars FairrigLtp EXPERIMENT FIELD 


(L=—lime or limestone; R—residues; P—phosphorus; K—potassium, or kalium; 
N-=nitrogen; M-manure) 
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treated land, only 21 cents remains to pay the taxes, with nothing for interest ; 
moreover, the practice of leaving land untreated means a gradual soil depletion, 
which leads only to future poverty and ruin. If the land would sell at $50 an 
acre and if money is worth 5 percent, then there is essentially an annual expense 
of $2.59 an acre for which there is no return; but if $2.50 per aere per annum is 
invested in limestone and phosphate in a rational system of farming, it pays back 
an average of 100 percent during the first rotation, and of 194 to 289 percent dur- 
ing the second rotation; and this is in addition to the returns from the crop 
residues and farm manure. Moreover, this is a system of positive soil enrich- 
ment which leads to the protection of property and to prosperity. 

The crop residues include the corn stalks, straw from wheat or oats and 
from soybeans or cowpeas, cover crops, and all clover except the seed. In the 
live-stock system as many tons of fresh manure are applied to the land as the 
average number of tons of air-dry produce taken off in crops during the previous 
rotation—an amount easily produced by using the crops for feed and bedding. 

The prices used in all these computations are 35 cents a bushel for corn, 30 
cents for oats, 70 cents for wheat, $1 for soybeans and cowpeas, $6 for clover 
seed, and $6 a ton for hay. These prices are stated conservatively in order to 
avoid any possible exaggeration. If higher prices were used, the computed re- 
turns from the land and treatment would of course be increased accordingly. In 
some localities the expense of hauling will be greater than in others; but it is 
believed that the prices used provide ample margin for average conditions. The 
data are reported in detail so that any one can make other computations if de- 
sired. 

Results from some other field experiments are recorded in connection with 
the description of individual soil types. 


Tre SUBSURFACE AND SUBSOIL 


In Tables 10 and 11 are recorded the amounts of plant food in the sub- 
surface and the subsoil of Bond county. It should be remembered that these 
supplics are of little value unless the top soil is kept rich. Probably the most 
important information contained in these tables is that the common soils of the 
county are much more strongly acid in the subsurface and the subsoil than in 
the surface. This emphasizes the importance of having plenty of limestone in 
the surface to neutralize the acid moisture which rises from the lower strata by 
eapillary action during periods of partial drouth, which are critical periods in 
the life of such plants as clover. Thus, while the deep brown silt loam bottom- 
land and the black silt loam on clay of the prairie are practically neutral, the 
vast areas of the common soils of the county are greatly in need of limestone; 
and, as already explained, the extensive upland soils are markedly in need of 
phosphorus and nitrogen. 
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TABLE 10.—FERTILITY IN THE Soms oF Bonp Country 


23 


Average pounds per acre in 4 milliou pounds of subsurface soil (about 624 to 20 inches) 


Soil “| Total | Total | Total | Total | Total | Total | Lime-| Soil 
type Soil type organic| nitro-| phos- ; potas- ;magne-| cal- | stone |acidity 
No. __|earbon} gen [phorus| sium | sium | cium |present|present 
Upland Prairie Soils 
330 |Gray silt loam on tight clay, 26 100) 2 990 1 530/57 540/10 970; 9 500); 3 070 
328 |Brown-gray silt loam on 
tight clay ..........00. 26 460/2 700] 1 740!63 820/10 160)10 400 300 
329 |Drab silt loam............ 43 400/4 160| 2 040 61 560/12 120/15 800 280 
331 |Deep gray silt loam....... 27 720|3 200| 1 080/53 800; 7 800! 9 600 5 600 
325.1|Black silt loam on clay..... 91 680|7 320] 1 880/63 120/20 600 31 160 40 
Upland Timber Soils 
334 |Yellow-gray silt loam......|21 240)2 600|1 340|75 500/14 620! 8 520 5 200 
335 |Yellow silt loam........... 16 980|2 120]1 270/73 820/15 400; 8 570 4 080 
332 |Light gray silt loam on 
tight clay .......eeeeee /11 560) 1 400] 1 260/60 160/14 260) 7 320 10 020 
332.1 White silt loam on tight clay; 7 960/1 000|1 480/61 400/11 560/10 080 960 
Ridge Soils 
235 [Yellow silt loam.......... 15 520/2 080] 1 000/82 400/12 960/13 840) 80 
233 |Grey-red silt loam on tight 
GIF ister eeveneerd anes 44 960) 4 800) 1 440154 000/24 240/12 760 5 880 
245 | Yellow fine sandy silt loam|18 52012 340/1 620179 900/18 280/11 100 320 
Bottom-Land Soils 
1331 |Deep gray silt loam....... 23 480) 2 Ce 200/74 ee 080}10 280 4 320 
1326 ;Deep brown silt loam...... 30 200|2 880] 1 800/69 040|14 120/14 600} 160 


TABLE 11.—FERTILITY IN THE SOILS OF BOND County 


Average pounds per acre in 6 million pounds of subsoil (about 20 to 40 inches) 


Soil | Total ;Total| Total | Total | Total| Total | Lime.) Soil 
type Soil type organie] nitro-| phos- | potas- |magne-/  cal- | stone acidity 
No. carbon | gen |phorus| sium | sium cium |present| present 
Upland Prairie Soils 
330 |Gray silt loam on tight | 
CY ie sisencnsaeewrees 27 900'3 340] 2 850| 88 940/36 180} 21 210 2 050 
328 |Brown-gray silt loam on 
tight clay............ 19 650/2 760) 2 520] 97 290/35 730} 31 830 often 
329 (Drab sili loam.......... 36 060/3 720] 3 180; 89 580|27 300] 22 860 540 
331 [Deep gray silt loam..... 37 92013 720| 2 280| 79 560/31 620) 15 600! 18 3800 
325.1|Black silt loam on elay...|34 920/38 060) 2 760; 94 260/37 620] 39 840 120 
Upland Timber Soils - 
334 /Yellow-gray silt loam..../16 260|/2 190| 2 580/118 140/31 470) 18 030 12 540 
335 |Yellow silt loam......... 12 790/2 170| 2 090)105 290} 82 240 12 910 15 070 
332 |Light gray silt loam on 
tight clay ........... 115 840/2 070; 2 670] 96 480/30 090) 11 460 21 720 
332.1) White silt loam on tight 
CY speeessaiaey ies 10 _560|1 860) 2 820] 96 540/38 700 _18 000 25 380 
Ridge Soils 
235 |Yellow silt loam........ 14 220/2 280| 2 520/121 260/35 700) 21 060 2 340 
233 |Grey-red silt loam on 
tight clay ........... 20 220/2 040) 1 980/114 600; 48 120; 38 040 often 
245 jYellow fine sandy silt 
loa. ss wsiwadevsseaas 21 060/2 760/ 2 960 (116 040| 37 260) 24 780 2 010 
Bottom-Land Soils 
1331 [Deep gray silt loam..... 12 060/2 040|3 060|108 240/26 520! 11 880 20 100 
1326 |Deep brown silt loam....)21 540|/2 520; 2 580|106 140] 15'840, 19 380 420 
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INDIVIDUAL SOIL TYPES 
(a) Upuanp Prarri Soins 


The upland prairie soils of Bond county occupy 190 square miles, or 51 
percent of the entire area of the county. Because of their larger content of 
organic matter, they are usually darker in color than the upland timber soils 
of similar topography. 

The accumulation of organic matter in the prairie soils is due to the growth 
of prairie grasses that once covered them, and whose network of roots has been 
protected from complete decay by imperfect aeration resulting from the covering 
of fine soil material. and the moisture it contains. The tops of these prairie 
gragses contributed little organic matter, as they were usually burned by prairie 
fires or soon became almost completely decayed from exposure to the air. Be- 
cause of its great age and the loss of mineral plant food by leaching, the most 
common prairie soil of the lower Illinois glaciation has finally become incapable 
of supporting such a rank vegetation as the more recently formed and more 
fertile prairies of the corn belt in central and northern Illinois. Consequently, 
the southern Illinois prairies are not so rich in organic matter and nitrogen as 
the corresponding corn-belt soils; indeed, they differ but little from the best 
timber soil. 

Gray Silt Loam on Tight Clay (330) 


Gray silt loam on tight clay is the predominating soil type in the lower 
Illinois glaciation. It covers 121.49 square miles (77,754 acres), or 32.66 percent 
of the area of the county. In topography it is nearly level or gently undulating, 
tho somewhat rolling in places. 

The type varies primarily in: (1) the organie-matter content; (2) the 
topography and consequent surface drainage; and (3) the thickness, depth, and 
density of the tight clay layer underlying it. Where adjoining the somewhat 
rolling areas of this or other types, or in the vicinity of ridges, this type has 
received some wash, which has buried the tight clay layer to such a depth that 
it is less objectionable, and in such places the soil is better than the average soil 
of this type. On the other hand, where erosion has been somewhat active, the 
tight layer is near the surface, making a very unproductive soil. 

This type contains many small areas known as ‘‘scalds’’ or ‘‘scald spots,’’ 
readily recognized in the plowed field by their light color. On these spots the 
ordinary surface soil, and in many cases the subsurface soil, is partly or entirely 
absent, leaving the subsoil on or very near the surface. Ordinarily these spots 
constitute only a few square rods; occasionally, tho very rarely, one is found 
covering an acre or more. These ‘‘sealds’’ are very irregular in their occur- 
rence, some fields being almost free from them while others contain many. 
Braeted plantain (Plantago aristata) of stunted growth is a common plant on 
these ‘‘scalds.’’ 

The surface stratum, 0 to 634 inches, is a friable silt loam, varying in color 
from a light to a dark gray and containing sufficient clay to make it slightly 
plastic when wet. A few small gravels of quartz and concretions of hydrated 
iron oxid are sometimes found in it. The organic-matter content varies from 
1.9 to 2.6 percent; in other words, from 19 to 26 tons per acre, or an average of 
22 tons. The surface soil is fairly pervious to water, but the low organic-matter 
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content, and the consequent lack of granulation, renders it in poor tilth, causing 
it to ‘“‘run together’’ readily with heavy rains or with freezing and thawing 
when very wet. The chief variation in the surface stratum is due to the varia- 
tion in the organic-matter content. Analysis shows from 10 to 18 percent of 
the various grades of sand and from 70 to 80 percent of silt. 

The subsurface stratum varies greatly in thickness. In many of the 
“‘scalds’’ it is entirely absent, while in other places the depth to the subsoil is 
two feet or more. The average thickness is about 18 inches. It contains 1.1 
percent of organic matter, and consists of a silt loam varying in color from gray 
to almost white. The upper part of the stratum is sometimes about the same 
color as the surface soil, but ordinarily the plow-line marks the beginning of a 
much lighter colored soil, which becomes still lighter with depth and passes into 
a distinct light gray layer deficient in organic matter, close-grained, very com- 
pact when dry, and very slowly pervious to water. When saturated, it is soft, 
and posts may be driven thru it readily. A few small quartz gravels and some 
concretions of hydrated iron oxid are sometimes present. 

The natural subsoil lies at an average depth of about 20 inches from the 
surface, but the distance varies from only a few inches on the ‘‘scalds’’ to two 
feet or more on the best phase of the type. It is usually made up of two distinct 
layers. The upper layer, extending from the subsurface to an average depth of 
30 to 36 inches, consists of tight clay, sometimes erroneously called ‘‘hard-pan,”’ 
while the lower subsoil is friable, porous, and silty. The tight clay stratum varies 
from 4 to 12 inches in thiekness and is usually a close, silty clay, reddish or 
yellowish in color, very sticky and gummy when wet, and very hard when dry. 
Water percolates thru it very slowly. 

Because of the level topography and the tight clay subsoil, the drainage of 
this type is, as a rule, rather poor. It is still a question whether the type ean 
be tile-drained profitably; experiments are now in progress with the view of 
answering this question. 

The soil is strongly acid and low in nitrogen content. It is in poor physical 
condition ; it ‘‘runs together’’ badly during rains, is too compact for good aera- 
tion, and is very unfavorable for moisture movement. Therefore in the manage- 
ment of this type the chief essentials are the application of limestone and the 
increase of organie-matter content by every practical means. 

Limestone is needed, not only to correct soil acidity, but to supply calcium 
as plant food as well. It also increases granulation, or flocculation, and thus 
improves the tilth. About two tons per acre of ground limestone should be ap- 
plied every four or five years, and the initial application may well be from four 
to six tons. 

In order to increase the organic-matter content, all forms of vegetation, such 
as weeds, manure, straw, corn stalks, ete., should be plowed under and no part 
of them burned. Legume crops, such as cowpeas, soybeans, and red, alsike, or 
sweet clover, should be grown and turned back into the soil, or fed and the ma- 
nure returned. Probably no crop will prove better adapted to adding organic 
matter and nitrogen to the soil than the common swect clover (Melilotus alba), 
a deep-rooting plant which will also help to loosen the tight subsoil and make 
it more pervious. In order to grow this clover, the soil must he sweetened with 
ground limestone and well inoculated with nitrogen-fixing bacteria. 
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This type is also markedly deficient in phosphorus, especially for the grow- 
ing of such crops as wheat and clover; hence in permanent systems of improve- 
ment a liberal use of phosphorus is essential. This is applied most economically 
in the form of fine-ground natural rock phosphate, which should be plowed un- 
der in intimate contact with farm manure, clover, or cowpeas. If one-half ton 
per acre is applied every four or five years, the phosphorus content of the soil 
will be maintained or slowly inereased, but an application of one or two tons 
at one time gives still better results, With the increase in organic matter, the 
phosphorus content of the plowed soil should be raised finally to at least 2,000 
pounds per acre, which will require altogether about five tons of rock phosphate. 

This system of permanent soil improvement can be hastened, and sometimes 
with profit during the early years, by applying about 600 pounds of kainit per 
acre to be plowed under with the initial application of rock phosphate. The 
action of kainit is explained in the Appendix (see page 57). If used at all it 
should be with the understanding that it serves in part, at least, as a soil stimu- 
lant; and that when plenty of decaying organie matter is provided, the use of 
kainit may not be profitable. The benefit derived from ground limestone, where 
a heavy application is made, seems to include some of the effect of soluble salts 
and to make the use of kainit less important. 

For results of field experiments on this soil type, see Tables 3 to 9. 


Brown-Gray Silt Loam on Tight Clay (328) 


Brown-gray silt loam on tight elay covers 61.49 square miles (39,354 acres), 
or 16.54 percent of the entire county. The principal area is located between 
the east and the west branches of Shoal creek. Other large areas are found 
near Smithboro and east of Stubblefield. With few exceptions the topography 
is flat or only slightly undulating. 

This type contains many ‘‘scalds’’ where the subsoil comes to the surface 
or injuriously near it, usually less than ten inches. These ‘‘scalds’’ are very ir- 
regular in their occurrence, some fields being devoid of them, while others con- 
tain many. They are indicated by their lighter color, distinetly seen when the 
ground is plowed. 

The surface soil, 0 to 624 inches, is a dark gray to a brown mealy silt loam, 
varying in color with its gradation toward other types. It contains about 2.4 
pereent of organic matter, or 24 tons per acre. The amount varies from 2.1 to 
3 pereent, or from 21 to 30 tons per acre. The mineral part of the soil is com- 
posed of 80 to 85 percent of the different grades of silt with 10 to 12 percent of 
sand, and some elay. Coarse silt seems to be the most abundant constituent. The 
soil is porous, friable, and easy to work. 

The subsurface stratum varies greatly in thickness and color. Its average 
thickness is from 10 to 12 inches, altho it is entirely absent in some places, such 
as ‘‘sealds,’’ and 18 inches thick in others. It consists chiefly of a grayish brown 
silt loam, the color becoming lighter with depth. Usually there is a distinct 
gray-or grayish brown layer from 2 to 10 inches thick just above the subsoil. 
Where the type grades into gray silt loam on tight clay (330), this gray layer 
in some places becomes quite well developed. On the other hand, where the type 
grades toward brown silt loam this layer becomes quite indistinct. 
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The subsoil is found at variable depths, from only a very few inches from 
the surface on the ‘‘scalds’’ to 20 inches or more on the better phases. It con- 
sists of two distinct layers. The upper stratum, from 5 to 16 inches thick, is a 
plastic, gummy, yellow, drab or dark olive-colored clay, very tight and nearly 
impervious to water. Below it is a clayey silt, friable and pervious, of a yellow 
color, or yellow with drab mottlings. 

The upper layer of the subsoil is too nearly impervious to allow good drain- 
age, so that special surface drainage in the form of dead furrows must be 
provided. Probably the lower, flatter land of this type should be tile-drained, 
the lines of tile being placed not over five rods apart. This opinion is based 
merely upon observation and reported experience, as no definite experiments in 
tile drainage have been conducted on this type. 

In the improvement of this type practically the same methods should be 
employed as for the gray silt loam on tight clay (330). All crop residues and 
legume crops not fed on the farm should be turned back into the soil in order 
to provide nitrogen, liberate mineral plant food, and aid in the physical im- 
provement of the soil, Deep-rooting crops should be grown in order to loosen 
up the subsoil and provide more rapid percolation of water and air. 

This type contains no limestone, and is usually somewhat acid. However, 
it is not so sour as the gray silt loam on tight clay, and this fact, together with 
the higher content of calcium and organic matter and some ability to grow 
clover in favorable seasons, has made it a more productive soil, generally, than 
the gray prairie. It has been much used for wheat, and possibly because of the 
many crops removed, this type in Bond county is, as an average, more deficient 
in phosphorus than the more extensive gray silt. loam on tight clay. Where it 
has long been cropped it is also very poor in active organic matter, so that nitro- 
gen is one of the important factors which now limit the yield of grain crops. 

In Table 12 are given the data secured from twelve years’ field investiga- 
tions on brown-gray silt loam on tight clay, on the soil experiment field near 
Mascoutah, St. Clair county, which almost corners Bond eounty on the south- 
west. These data are from a part of the Mascoutah field where commercial 
nitrogen, phosphorus, and potassium have all been used in readily available 
form in order to secure information as quickly as possible. The regular applica- 
tions per acre have been 100 pounds of nitrogen in 700 pounds of dried blood 
every year, and 800 pounds of steamed bone meal and 400 of potassium sulfate 
every four years, corresponding to 25 pounds of phosphorus and 42 of potassium 
for each year of the rotation. 

At the time these experiments were begun the claim was commonly made, 
especially by lime manufacturers, that small amounts of slaked lime should be 
applied frequently to soils. (The product was sold under the name of 
‘‘hydrated’’ lime at $6 to $10 per ton.) On the Mascoutah field this material 
was tried, 400 pounds per acre in 1902 and 700 pounds in 1903. No further 
applications were made until 1909, when the use of ground limestone was be- 
gun. At that time 114 tons per acre was applied, and four years later 2 tons 
per acre was applied. The first distinct indication of benefit from lime alone 
appeared in 1913. 

Nitrogen is clearly the element of greatest benefit on the Mascoutah field, as 
shown by the fact that the dried blood has increased the crop values, in twelve 
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years, from $91.05 to $135.50, a gain of $4445. In comparison, phosphorus 
has produced an increase valued at $16.60, and potassium an increase valued at 
only $10.63, when used singly. All other results harmonize well with these val- 
ues, except those from Plot 507, which indicate a very marked influence from 
potassium. In fact, the erop values from this plot, which has received lime, nitro- 
gen, and potassium, are $15.17 higher than those from Plot 509, which has re- 
ceived lime, nitrogen, phosphorus, and potassium. However, nearly $18 of this 


TABLE 12.—CRoP Yreups IN Som Experimenrs, Mascoutam FIeLp 


eo day wide Corn|Corn| Oats |Wheat|Corn|Corn!| Oats |WheatiCorn|Corn| Oats |Wheai 
4 t Va By 
Tilinois glaciation 1902/1903 | 1904 | 1905 ais ill 1968 | 1909 |1910/1911) 1919+] 1913 
43 Soil 7 
I treatment Bushels per acre 
pu applied . 7 
501/None....-....... 325/43.4| 17.5] 9.2 |31.7/29.1| 8.8| 20.7 | 8.8) 11.6 9.8 
503\Lime............ 32.0) 38.9| 22.5) 7.8 | 30.8; 31.9) 66| 17.5 | 8.8] 11.2 15.5 
503|Lime, nitro....... 94.97 47.1| 40.0) 16.7 | 53.1) 45.8) 12.2] 20.8 | 12.4) 19.8 82.5 
504|Lime, phos....... 34.4| 39.3) 68.7| 15.0 | 21.6| 24.8) 9.1) 20.2 | 6,8| 14.6 14.5 
505|Lime, potas....... 37.5 | 47.8| 25.6| 15.7 | 22.3| 32.51 10.6 | 18.0 | 10.4) 17.0 12.3 
506|Lime, nitro., phos..| 46.1) 69.9) 44.1] 25.3 | 56.7| 58.8] 28.8 | 82.7 | 32.4| 39.2 33.5 
507|Lime, nitro., potas.| 59.6| 77.4) 43.1) 30.2 | 59.6| 70.0! 37.2 | 80.7 | 32.0] 48.8 27.0 
508|Lime, phos., potas. | 53.9; 49.0| 33.1) 20.0 | 19.6] 38.1) 12.2 | 22.3 | 15.2) 19.6 18.8 
509|Lime, nitro., phos., 
potas.......... 47.8| 70.5) 37.8| 28.3 | 49.6) 70.0) 30.3 | 33.7 | 34.4] 37.4 28.3 
510|Nitro., phos., potas.| 47.7 | 52.6| 85.9] 26.3 | 42.9] 65.3 | 32.2 | 33.7 | 34.8] 28.6 30.5 
Average Increase: Bushels per Acre 
For nitrogen. . 8.2; 175] 8.9 [228/139] 56) 3.3 | 3.6) 8.6 17.0 
For phosphorus | 2, 4) 46.2) 7.2 )-9.2)-7.1) 2.5) 2.7 |-2.0) 3.4 -1.0 
For potassium.......- ; 5.5! 89) 3.1] 7.9 |-8.5) 61 4.0 5 | 16) 5.8 3.2 
For nitro., phos. 
over phos........ 11.7] 30.6) -24.6 | 10.3 | 35.1] 34.0] 19.7; 12.5 | 25.6) 24.6 19.0 
For phos., nitro. 
over nitro........ 21.9) 22.8) 41] 86 | 3.6/ 13.0] 16.6) 11.9 | 20.0) 19.4 1.0 
For potas., nitro., phos. 
over nitro., phos..| 1.7]  .6] -6.8) 3.0 |~7.1) 11.2] 151 1.0 | 20)-18) | -5.2 
Value of Crops per Acre in Twelve Years 
3 Soil treatment applied Total value of Value of 
Ay - twelve crops increase 
SOLINONGY suse dccdaas nda vagdatede ieee tence sRyenw as $ 90.60 
HOZ\Lime... 0.2... cee ee eee eee teste eeeee 91.05 $ 45 
BOB\Lime, nitrogen. ........ 26 eee eee eee teen eee’ 185.50 44,90 
504|Lime, phosphorus 107.65 17.05 
505|Lime, potassium.....--.. ss cesses eee eee tet 101.68 11.08 
506/Lime, nitrogen, phosphorus....-...........22.---20005 | 192.01 101.41 
507|Lime, nitrogen, potassium.............-+eeeeeee eee i 207,21 116.61 
508 Lime, phosphorus, potassium : _ 475 34.15 
509|Lime, nitrogen, phosphorus, potassium 192.04 101.44 
510|Nitrogen, phosphorus, potassium...............seeeuee i 178.95 88.35 
Value of Increase per Acre in Twelve Years Cost of 
{| _inerease 
Wor RitrOiem. cc. cas s00e be Kaeo ee hie edd E RE EEE LED ERS $44.45 $180.00 
For phosphorus 16.60 30.00 
For nitrogen and phosphorus over phosphorus............++ 84.36 180.00 
For phosphorus and nitrogen over nitrogen..............+-- 56.51 30.00 
For potassium, nitrogen, and phosphorus over nitrogen 
and phosphorus............++++2sss0e- ee ee -08 30.00 


‘The oat erop failed in 1912. 
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difference is found in the first five crops, which suggests the possible influence of 
some unknown factor in Plot 507, such as the presence of an old stack bottom. 
But even if this abnormal effect during those years is disregarded, the data 
still show a slightly greater benefit from nitrogen and potassium (507) than 
from nitrogen and phosphorus (506), altho in 1913 a marked superiority of 
phosphorus appears in this comparison. 

Here again on this highest yielding plot (507) we meet what seems to be 
the stimulating influence of the soluble potassium salt. If, however, the treat- 
ment used on this plot were practiced, it would lead ultimately only to failure 
and land ruin, for it makes no provision for the restoration or the maintenance 
of phosphorus, which is unquestionably the most deficient of the five most im- 
portant elements of plant food. The only guide toward a safe practice for 
permanent systems of improvement is the chemical composition of the soil. 

In the lower part of Tabie 12 is shown the influence of each element in a 
rational order of application. From the composition of the soil it is clear that 
both nitrogen and phosphorus must be supplied for permanent systems of farm- 
ing, altho there may be some question as to which of these two is most needed, 
because of imperfect knowledge of the condition of the organic matter and of 
the rate of decomposition under unknown future weather conditions. It must 
be plain, however, that if potassium is to be used for its own sake, it should 
pay a profit when applied in addition to both nitrogen and phosphorus. 

In considering these three elements, nitrogen, phosphorus, and potassium, 
we find that, starting with $91.05 (the value of the erops for twelve years when 
lime alone was used), the increases per acre in crop values have been as follows: 


For nitrogen over lime ....... ccc cece eee teen een e neon eeeeees $ 44.45 
For phosphorus as a further addition ........--- 20: see eee eee eee eee 56.51 
For potassium as a final addition .........-..-. 20s eee eee eee ee nee 03 
Por total increase 22... 0. cise cece cree eee ee teeta ee tena eeee tn neees $100.99 


This demonstration of more than doubling crop values is highly important, 
for it shows the possibilities of soil treatment; but of still more importance is 
the development of methods of producing the same results with profit to the 
producer. Applied nitrogen has produced exceedingly marked gains, but never 
enough to pay its cost in commercial form ; and while phosphorus has paid nearly 
200 percent on the investment in steamed bone meal when used in addition to 
nitrogen, the profit is more than offset by the nitrogen deficit. 

On another part of the Mascoutah field, investigations are in progress 
where nitrogen is secured by the slower but less expensive practice of growing 
legumes in the crop rotation and returning to the soil the crop residues or farm 
manure. In Table 13 are shown for direct comparison the results secured where 
commercial nitrogen is used and those where these rational means of securing 
nitrogen are employed, both on lime-phosphorus plots and on plots where lime, 
phosphorus, and potassium are applied. The records are taken from the legume 
rotation of the same crops as were grown in identical years in the experiments 
reported in Table 12. It will be seen that the rotations differ only by the substi- 
tution of a legume crop for one corn crop. The final averages, including duplicate 
experiments (except for the potassium), may be considered trustworthy, within 
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rather narrow limits. The data of the first four years are averaged separately 
because during those years the residue and manure systems were not well under 
way. 

TABLE 13.—Cror Yieups In Sort EXPERIMENTS, MASCOUTAH FIELD 


: | Corn, corn, oats, | Corn, oats, wheat Corn, oats, wheat 
HOtinee eyeteaste i and wheat” | and clover and clover 
Lime Lime Lime Lime Time Lime 
Soil treatment......... Nitro. | poe Residues sara Manure eras 
Phos. Potas Phos. Potas. Phos Potas 
1902 461 | 478 39.6 45.3 42.7 471 
1903 69.9 70.5 50.8 568 43.1 58.9 
1904 44.1 37.8 36.9 B34 | 32.8 39.4 
1905 25.3 23.3 25.9 28.2 26.8 31.2 
Value of four erops... | $71.54 $72.55 $60.84 $65.49 $58.28 $70.76 
1906|Corn, bU...+. sss 56.7 49.6 ST. | B78 54.1 49.1 
1907|\Corn, bu......... 58.8 70.0 70.0 84.8 73.0 93.0 
1908'Oats, bu. ... | 28.8 30.8 9.7 11.3 10.6 13.1 
1909 Wheat, bu. .| 82.7 33.7 32.0 32.7 32.7 33.2 
1910|Corn, bu.......-. 32.4 34.4 28.6 36.0 27.2 35.2 
1911jCorn, bu......... 39.2 37.4 38.2 29.4 29.6 82.8 
1912|Oats, failed. + 
1913|Wheat, bu........ 33.5 28.8 33.5 34.7 32.3 30.2 
Value of eight erops....| $120.47 | $119.48" | $116.63 “| $123.02 | $113.05 $121.84 
Av, value of eight crops. $119.97 $119.82 $117.44 


Where commercial nitrogen has been used, the crop values for the last cight 
years average $119.97, with a total cost for nitrogen of $120.00; but where crop 
residues have been used as a souree of nitrogen, the average crop value is $119.82, 
or within 15 cents of that produced with commercial nitrogen. Nearly the same 
results have been secured where the nitrogen is supplied in farm manure in quan- 
tities easily produced from the crops grown on the land. 

These data show that altho practically the same aggregate gross values are 
secured with ‘‘home-grown”’ nitrogen as with the purchased product, the secur- 
ing of these values requires that the crop of clover seed in the grain system or 
the clover hay in the live-stock farming shall bring as large a return as the 
corn crop which it replaces. Even if no value is assigned to the clover crop, 
the cost of the nitrogen secured by these rational methods is only about one- 
fourth its cost in commercial form. 


Drab Siléi Loam (329) 


Some of the low and more poorly surface-drained areas of the prairie land 
have received deposits of finer material washed in from the slightly higher sur- 
rounding land, and in these places a greater amount of organic matter has 
accumulated, more particularly in the surface and the subsurface strata, owing 
to the more luxuriant growth of vegetation and the better conditions for pre- 
venting complete decay. This finer material and the greater accumulation of 
organic matter have given rise to a type of soil, the drab silt loam (329), which 
is darker in color, better in texture, and somewhat more productive than the 
surrounding gray silt loam on tight clay (830), the ordinary prairie land of 
this glaciation. Drab silt loam in Bond county covers an area of 2.46 square 
miles (1,574 acres), or .66 percent of the county. 
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The surface soil, 0 to 624 inches, is a drab to a dark gray. Altho silts 
form the chief constituent, this stratum always contains some fine sand and, 
in the poorly drained areas, enough clay to give it some tenacity. The organic 
matter averages 3.1 percent, or 31 tons per acre. 

The subsurface stratum varies from a brownish gray to a light drab, fre- 
quently with blotches of iron oxid. The amount of clay varies considerably, 
the stratum in some areas being very silty, while in others it has sufficient clay 
to make it plastic; in either case it is pervious to water. 

The subsoil, 20 to 40 inches beneath the surface, is a drab to yellowish 
gray silt or clayey silt. In many areas the subsoil is quite heavy, yet sufficiently 
pervious so that tile drains should work well. 

This type needs underdrainage to bring it to its best condition of tilth and 
productiveness. The physical composition, texture, and structure indicate that 
tile drainage would be of great benefit, but actual field experiments are neces- 
sary to determine how satisfactorily tile will work. 

Besides thoro drainage, one of the most important points in the manage- 
ment of this type is the maintaining or even the increasing of the organic matter 
in order to provide sufficient nitrogen to meet the needs of large crops of corn 
and other non-legumes to be grown in the crop rotation. This can best be done 
by practicing a rotation of crops in which a legume is used as often as practical 
and by turning back into the soil all crop residues. If these crops are fed on 
the farm, the manure should be put back with as little waste as possible. This 
type in Bond county is very deficient in phosphorus and contains no limestone, 
altho it is not markedly acid ; hence both phosphate and limestone should be used. 


Deep Gray Silt Loam (331) 


Deep gray silt loam occupies iow areas in the southeastern part of Bond 
county where silt has been carried in from the higher lands to such a depth that 
all evidence of a clay subsoil has been buried to a depth of more than 40 inches. 
It covers 2.19 square miles (1,401 acres), or .59 percent of the county. 

The surface soil, 0 to 624 inches, is a gray to dark gray silt loam, changing 
in shade as it grades into other types. It contains 2.4 percent of organic matter, 
or 24 tons per acre. 

The subsurface is a silt loam, lighter in color than the surface, and eon- 
taining 1.2 pereent of organie matter. 

The subsoil is a gray to drab silt, differing from the subsurface in that 
it contains less organic matter and has layers of clay or clayey silt developed 
locally. 

The low organic-matter content of this type indicates the necessity of 
maintaining or increasing the supply by every practical means. Owing to 
the character of the subsoil, crops growing on this type have a decided ad- 
vantage over those on gray silt loam on tight clay (330), provided the subsoil 
is thoroly drained. The greater porosity and deeper feeding range are of no 
avail when water is present in excess. 

Among the prairie soils of Bond county, this type is the most acid and the 
most deficient in calcium and magnesium; it is also very poor in phosphorus. 
Phosphate should be applied liberally in connection with organic matter; 
dolomitic limestone (such as ean be secured from Grafton and from most 


32 Som Reporr No. 8 (October, 


northern Illinois deposits) will probably give even better results than the more 
common limestone. 


Black Silt Loam on Clay (325.1) 


Black silt loam on clay represents low prairie land that was originally 
swampy. In position, this type corresponds to the black clay loam in the 
middle and upper Illinois and early Wisconsin glaciations. In Bond county 
it covers 2.48 square miles (1,587 acres), or .67 percent of the eounty. The 
areas are widely scattered; one of the largest is found south of Old Ripley 
and two others of considerable size east of Greenville. 

The surface soil, 0 to 6% inches, is a heavy black silt loam varying in some 
places to a clay loam. It contains 4.9 percent of organic matter, or 49 tons 
per acre, an amount sufficient to make it quite granular and keep it in good 
physical condition if properly drained. 

The subsurface extends 15 to 18 inches below the surface soil and is a dark 
clayey silt loam containing about 4 percent of organic matter. 

The subsoil consists of a clay, varying in color from dark to light drab. 

The presence of clay and organie matter imparts to this type of soil the 
property of shrinkage to a very marked degree, and in times of drouth large 
eracks a foot or more in depth are formed, which sever the roots and damage 
the crop to some extent. Drainage and good cultivation prevent this to a con- 
siderable degree. After drainage, rotation of crops and turning under crop 
residues such as corn stalks, straw, ete., together with good tillage, is all that is 
necessary to keep the soil in good physical condition. 

This black silt loam is by far the richest prairie soil in the county, not 
only in phosphorus and nitrogen, but also in calcium and magnesium; it is 
somewhat the richest, too, in potassium. The ratio of nitrogen to carbon is 1 
to 12, which indicates that the organic matter is more active as well as more 
abundant in this type than in the other prairie types in Bond county, in which 
the ratio is only 1 to 10. (Read ‘‘Supply and Liberation of Plant Food’’ in 
the Appendix.) <A liberal use of phosphorus with clover in rotation is needed 
for marked improvement in crop yields on such soil. 

No field experiments have been conducted on black silt loam on clay, but 
its composition is practically the same as the most extensive soil type in the 
corn belt, the common brown silt loam. When well drained and well farmed 
with a good crop rotation including clover, phosphorus is the single factor 
which holds the crop yields far below what they would otherwise be. Thus, on 
the brown silt loam at the Bloomington soil experiment field, the values per 
aere of eleven crops (1902-1912) on four different plots where no phosphorus 
was applied were $165.52 (with lime), $173.17 (with lime, crop residues’), 
$169.66 (with lime, potassium), and $170.57 (with lime, residues,” potassium) ; 
whereas the corresponding values on four other adjoining or intervening plots 
whose treatment differed only by the addition of phosphorus were $255.44, 
$251.43, $256.92, and $254.76. Other essentials are so much better provided 
than phosphorus that the addition of this element paid 300 percent on the in- 
vestment. 


No values are assigned to crop residues plowed under until they reappear in inereased 
yields of subsequent crops. 
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(b) Uptanp TimBer Sorts 


The upland timber soils of Bond county aggregate 126 square miles, or more 
than one-third of the area. They are usually lighter in color than the prairie 
soils, because of the more nearly complete decay of the residues of timber 
vegetation. In upland forests these residues consist of fallen leaves, branches, 
and dead trees, which become almost completely decomposed thru exposure to 
the oxygen of the air and to fungi. Even the large roots of trees thru exposure 
at the stump decay rapidly in the surface soil. Occasional forest fires help to 
complete the destruction. (As already explained, the most common prairie 
soil of the lower Illinois glaciation, because of its great age and the loss of 
mineral plant food by leaching, has been reduced in organic-matter content to 
about the condition of the undulating timber land.) 


Yellow-Gray Silt Loam (334) 


Yellow-gray silt loam in Bond county covers 48.76 square miles (31,206 
acres), or 13.18 percent of the area of the county. It is found along the streams 
and generally lies between the eroded zone of yellow silt loam (385) and the 
prairie types. In topography it is usually undulating, but it varies from nearly 
level to quite rolling. The normal slopes are long and gentle, but in places 
very short, abrupt slopes of yellow silt loam occur, which are too small in areca 
to be shown separately on the map. 

The surface drainage is generally good. Erosion takes place on many 
slopes where no means are taken to prevent it. While this type was once gen- 
erally timbered, it is also sometimes found extending into the prairie along 
natural drainage channels, and as these particular areas represent recent erosion 
of the prairie, ‘‘sealds,’’ or tight-clay outcrops, are often found, the presence 
of which renders these narrow areas very inferior to the type as a whole, and in 
some places, almost worthless. These ‘‘scald’’ areas are rarely over two or 
three acres in extent and more frequently are only a fraction of an aere, often 
occurring as narrow strips along the streams or draws. 

The surface soil, 0 to 624 inches, is a yellow to grayish yellow silt loam. 
The freshly plowed surface when first dry after a rain takes on a decidedly 
grayish appearance. The type varies to a lighter color as it grades into light 
gray silt loam on tight clay (332), to a darker color as it grades into the prairie 
types (330 and 328), and to a more yellowish color as it approaches the yellow 
silt loam. It contains some fine sand, and locally, in small areas, quite ap- 
preciable amounts, but the principal constituent is silt of various grades. The 
organic-matter content is 2.28 percent, or about 23 tons per acre. The surface 
soil is porous and friable but ‘‘runs together’’ badly because of its shortage in 
organic matter and lime. 

The subsurface, like the surface, varies from a gray or yellowish gray to a 
yellow silt loam sufficiently porous to permit slow percolation; its physical com- 
position is such that capillary movement takes place very readily. In thickness 
it varies from 6 to about 16 inches. 

The subsoil is a yellow or mottled grayish silt or clayey silt, somewhat 
compact but pervious. The depth to the natural subsoil is quite variable, owing 
to the amount of erosion that has taken place, but it eommonly varies from 10 
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to 20 inches. In places, both surface and subsurface have been removed, but 
this is unusual. 

The growth of natural vegetation on this type has done very little toward 
adding organic matter. In fact, it is more likely true that the growth of forest 
trees has reduced the content of this constituent in the original soil. At any 
rate, this type is now deficient in organic matter, and one of the most important 
problems in its management is to increase this constituent. In order to do this, 
a rotation must be carefully planned, and all crop residues and legume crops, 
or their equivalents in manure, put back on the land. Deep-rooting crops, such 
as red, mammoth, or sweet clover, should be grown; but in order to grow these 
successfully, applications of ground limestone are necessary. If the soil is to 
be enriched and its productive power increased and maintained in any per- 
manent way, phosphorus must also be applied, altho the application may well 
be delayed until, thru the use of limestone and the growth of clover, some or- 
ganic matter can be turned under; or else kainit should be applied with the 
phosphorus. Very marked improvement can be made with limestone and the 
organic matter which it helps to produce. 

Field experiments on yellow-gray silt loam in the lower Illinois glaciation 
were begun in 1910 in Saline county near Raleigh, where the people of the 
community have provided the University with a very suitable tract of this type 
of soil for a permanent soil experiment field. There, as an average of triplicate 
tests each year, the yield of corn on untreated land was 25.3 bushels per acre 
in 1910, 23.6 in 1911, and 22.0 in 1912, while on duplicate plots treated with 
six tons per acre of ground limestone and the limited amount of organie manures 
produced upon the land, the corresponding yields were 41.4 bushels in 1910, 
41.3 in 1911, and 50.1 in 1912. These results show an average increase of 20.6 
bushels, of which only 6.6 bushels are due to organie manures. 

As an average of duplicate tests with each crop each year for three years, 
the ground limestone increased the yields by 14 bushels of corn, 10.55 bushels 
of oats, .85 ton of hay (clover or cowpea), and 4.45 bushels of wheat. The 
value of these increases at 35 eents for corn, 30 cents for oats, 70 cents for 
wheat, and $6 for hay, amounts to $16.28 and corresponds to the value of the 
inerease produced by limestone on one acre during a four-year rotation. Thus 
the limestone paid about 200 percent interest on the investment, and the ap- 
plication of 6 tons per acre is sufficient for about fifteen years, altho in order 
to maintain a liberal amount of limestone in the soil it is well to apply about 2 
tons per acre every four or five years after making the heavier initial 
application. 

Owing to the low supply of active organic matter in the soil at Raleigh, 
phosphorus produced no bencfit, as an average, during the first two years; but 
with the turning under of the crop residues and farm manure in proportion 
to the crops produced, the effect of phosphorus is seen to some extent in the 
crops of 1912 and 1913. The fourth series of plots will receive its first farm 
manure for the 1914 crops, so that trustworthy data as to the benefits of organic 
matter, or of phosphorus combined with organic matter, will not be seeured 
before the second rotation period. 
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Where kainit has been used at the rate of 200 pounds for each year, ap- 
plied in connection with phosphate and in addition to the 6 tons of limestone, 
the average increase for the kainit during the first three years has been $2.90, 
or only about half its cost. 


Yellow Silt Loam (335) 


Yellow silt loam in Bond eounty includes the broken, very rolling, and hilly 
land along the streams and sometimes on the steep slopes of ridges. It is best 
to keep much of it forested, tho when properly treated it makes good pasture 
land. It is so steeply sloping that little of it should ever be cultivated. When 
it is cultivated, the utmost care should be taken to prevent washing, which is 
the most serious danger to this type of soil. Already many fields have been 
ruined by gullying. This type of soil covers an area of 60.09 square miles 
(38,458 acres), or 16.15 percent of the county. 

The surface soil is a friable yellow silt loam varying somewhat with 
topography. The less broken areas are a grayish yellow, while the steep slopes 
are reddish yellow, or brownish yellow where a little more organic matter re- 
mains. As a rule, the soil contains enough fine sand to give it a fairly good tex- 
ture, but it is very deficient in organic matter, having only 2 percent, or 20 
tons per acre. This condition contributes toward its excessive washing. ‘‘ Clay 
points,’’ or places where the top soil has been removed by washing, are quite 
common, and they are very unproductive. 

The subsurface varies in thickness; where little or no washing has taken 
place it is from 6 to 14 inehes thick. It consists usually of a friable, slightly 
loamy, yellow silt, mottled with gray or with reddish blotches of iron oxid. 

The subsoil is usually a somewhat friable and quite pervious, yellow, clayey 
silt. Where much washing has occurred, the glacial drift frequently forms the 
subsoil. 

Of most importance in the management of this type is the prevention of 
much loss by washing. Erosion oceurs as sheet-washing and gullying. Ordi- 
narily sheet-washing is not thought of as doing very much damage, but it is 
really the most injurious form of erosion. Gullying results in the absolute ruin 
of small areas, but sheet-washing reduces the productive capacity of large areas 
to such an extent that it prevents not only profitable cropping but even the 
growing of crops large enough to pay for their raising. Every means should 
be taken to prevent this loss. 

The steep, gullied slopes probably never can be reclaimed with profit for 
cropping purposes at the present average prices for labor and farm produce. 
The forests that originally covered these lands should never have been entirely 
removed. The only thing that made these lands valuable in the first place was 
the forests, and to make them of any future value they should be reforested. 
This has been done in a few eases and has met with excellent success. The ac- 
companying illustrations show such results. The black locust can be used most 
successfully for this purpose, as it is largely independent of the supply of nitroge- 
nous organie matter in the soil, altho it is subject, of course, to inseet injury 
which is sometimes fatal. Where not in forest, the steep land should be kept in 
pasture as much as possible; if cropped, it should be for only one or two years 
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PLATE 6,—YouNG GROVE OF Buack Locust TREES oN Roniiie Hint LaNnp In JOHNSON 
County, ILLINOIS (Grown By J. C. B. Heaton) 


at a time and then the land should be reseeded for pasture. Live-stock is indis- 
pensable to general farming on this type of soil. 

Sheet-washing on the moderate slopes may be prevented to a great extent 
by the following methods: 

(1) By increasing the organic-matter content, thus binding together the 
soil particles and rendering the soil more porous. This ean be done by apply- 
ing farm manure and plowing under stubble, straw, corn stalks, and legume 
crops, such as clover and cowpeas. 

(2) By deep plowing from seven to ten inches, in order to inerease the 
absorption of water and diminish the run-off. Ten inches of loose soil will 
readily absorb two inches of rainfall without run-off. 

(3) By contour plowing. When land is plowed up and down the slope, 
as is often done in this state, dead furrows are made which furnish excellent 
beginnings for gullies. Even the little depressions between furrows aid in 
washing. On land subject to serious washing, plowing should always be done 
across the slope, on the contour, so that water will stand in the furrow without 
running in either direction. Every furrow will then act as an obstruction to 
the movement of water down the slope, thus checking the velocity of the water 
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Puate 7—Grove or Locust TrEEs ABOUT TWENTY-FIVE YEARS OLD oN RoLnina Hin LaNp 
In JoHNSON County, Intmnois (Grown By J. OC. B. Heaton) 


and its power to wash, and also facilitating absorption and diminishing the 
amount of run-off. 

(4) By using cover’crops to hold the soil during the winter and spring. 
Rye is a fairly good cover crop to sow in the corn during the late summer or 
early fall. Wheat, especially when seeded late, is a poor crop to grow on rolling 
land beeause it does not usually make sufficient growth in the fall to afford 
a good protection to the soil during winter. Of course both rye and wheat 
invite the development of chinch bugs. A mixture of winter vetch and clover 
with a few cowpeas, sceded at the time of the last cultivation of the corn, gives 
good results in favorable seasons. (See Circular 119, ‘‘Washing of Soils and 
Methods of Prevention.’’) 
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This yellow silt loam is markedly acid. Where cropping is practiced, lime- 
stone should be used liberally, especially for the benefit of clover grown to pro- 
vide nitrogen, in which this soil is very deficient, particularly where it has 
been long cultivated and thus exposed to surface washing. On such land nitro- 
gen is the element which now first limits the growth of grain erops, as will be 
seen from Plates 8 and 9 and Tables 14 and 15. 

In one experiment, a large quantity of the typical worn hill soil was col- 
lected from two different places." Hach lot of soil was thoroly mixed and put 
in ten four-gallon jars. Ground limestone was added to all the jars except the 
first and last in each set, those two being retained as control or check pots. 
The elements nitrogen, phosphorus, and potassium were added singly and in 
combination, as shown in Table 14. 

As an average, the nitrogen applied produced a yield about eight times as 
large as that secured without the addition of nitrogen. While some variations 
in yield are to be expected, because of differences in the individuality of seed 


Puars 8—WuHEAT IN Pot-CULTURE EXPERIMENT WITH YELLOW Si1tt Loam oF Worn HILL 
Lanp (See Table 14) 


Taste 14.—Czop YieLps IN Pot-CuLTuRE EXPERIMENT WITH YELLOW Sut Loam orp Worn 
Hitt Lanp 


(Grams per pot) 


a Soil treatment applied Wheat Oats 
A | NON was svcosaneee ceewrede ewes ee ee eee 3 5 
2 Limestone settee etter eee 4 4 
3 | Limestone, nitrogen............. 6. cece cece eee eee i 26 45 
4 | Limestone, phosphorus..........0e eee e eee e ee eee eee 3 6 
5 | Limestone, potassium..... ee eee re 3 | 5 
6 | Limestone, nitrogen, phosphorus...............--0055 84 | 38 
7 | Limestone, nitrogen, potassium...........ceeeeeeeeee 33 46 
8 | Limestone, phosphorus, potassium...........e.+.ee ees 2 5 
9 | Limestone, nitrogen, phosphorus, potassium........... 34 38 
TO. | NOG ies ieee Sacer wn Male’ ome maaieeaNecleaeinae hae 3 5 
Average yield with nitrogen......... ccc ceccn eee ee ee eens 32 42 
Average yield withont nitrogen............ 0.0... eee eee 3 5 
Average gain for nitrogen..... Ket Woes arcades Rese abes 29 387 


1Soil for wheat pots from loess-covered unglaciated area, and that for oat pots from 
upper Illinois glaciation. 
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or other uncontrolled causes, yet there is no doubting the plain lesson taught 
by these actual trials with growing plants. 

The question arises next, Where is the farmer to secure this much-needed 
nitrogen? To purchase it in commercial fertilizer would cost too much; 
indeed, under average conditions the eost of the nitrogen in such fertilizers is 
greater than the value of the increase in crop yields. 

There is no need whatever to purchase nitrogen, for the air contains an 
inexhaustible supply, which, under suitable conditions, the farmer ean draw 
upon, not only without cost, but with profit in the getting. Clover, alfalfa, 
cowpeas, and soybeans are not only worth raising for their own sake, but they 
have power to secure nitrogen from the atmosphere if the soil contains lime- 
stone and the proper nitrogen-fixing bacteria. 

In order to secure further information along this line, another experiment 
with pot cultures was conducted for several years with the same type of worn 
hill soil as that used for the wheat cultures described above. The results are 
reported in Table 15. 

To three pots (Nos. 3, 6, and 9) nitrogen was applied in commercial form, 
at an expense amounting to more than the total value of the crops produced. 
In three other pots (Nos. 2, 11, and 12) a crop of cowpeas was grown during 
the late summer and fall and turned under before the wheat or oats were 
planted. Pots 1 and 8 served for important comparisons. After the second 
catch crop of cowpeas had been turned under, the yield from Pot 2 exceeded 


PLATE 9.—WuHEAT IN Pot-CuLruRE EXPERIMENT wiTH YELLow Sitt Loam or WorN HILt 
Lanp (See Table 15) 


TaBLE 15.—CRopP YIELDS IN Pot-CULTURE EXPERIMENT WITH YELLOW Siur Loam oF WORN 
Hint Lanp aNnp NivRogEN-FIxInG GREEN MANURE CROPS 


(Grams per pot) 


1903 1904 1905 1906 1907 


Pot : 

No. Bon tea Geen Wheat | Wheat | Wheat | Wheat Oats 
2 -|NONB. sic cre ccauters gees cdduccwssuea seus 5 4 4 4 6 
2 |Limestone, legume..........-. --[| 10 17 26 19 37 

11 jLimestone, legume, phosphorus............ 14 19 20 18 27 

12 |Limestone, legume, phosphorus, potassium..| 16 20 21 19 30 
3 Limestone, nitrogen............ cece eee ee 17 14 15 9 28 
6 |Limestone, nitrogen, phosphorus........... 26 20 18 18 30 
9 |Limestone, nitrogen, phosphorus, potassium.| 31 34 21 20 26 
8 |Limestone, phosphorus, potassium......... 3 3 5 3 7 
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that from Pot 3; and in the subsequent years the legume green manures pro- 
duced, as an average, rather better results than the commercial nitrogen. This 
experiment confirms that reported in Table 14, in showing the very great need 
of nitrogen for the improvement of this type of soil; and it also shows that 
nitrogen need not be purchased, but that it ean be obtained from the air by 
growing legume crops and plowing them under as green manure. Of course 
the soil can be very markedly improved by feeding the legume crops to live 
stock and returning the resulting farm manure to the land, if crops of legumes 
are grown frequently enough and if the farm manure produced is sufficiently 
abundant and is saved and applied with care. 

‘When this type of soil is to be prepared for seeding down, it may well be 
treated with five tons per acre of ground limestone, in order to encourage the 
growth of clover and thus make possible the accumulation of nitrogen, the element 
in which this type is most deficient wherever it has been long under cultivation. 
As a rule, it is not advisable to try to enrich this soil in phosphorus, because 
of the fact that erosion, which is sure to occur to some extent, will renew the 
supply from the subsoil. 

Field experiments covering nine years have been conducted on the yellow 
silt loam at Vienna, Johnson county. Here heavy applications of ground lime- 
stone paid nearly 200 percent on the investment, and about half the limestone 
applied still remained in the soil for the benefit of later crops. Neither phos- 
phorus nor potassium produced sufficient increase to pay the cost. (The details 
of these investigations are reported in Soil Report No. 3, ‘‘Hardin County 
Soils.’?) 

One of the most profitable crops to grow on this land is alfalfa. To get 
alfalfa well started requires a liberal use of limestone, thoro inoculation with 
nitrogen-fixing bacteria, and a moderate application of farm manure. If ma- 
nure is not available, it is well to apply about 500 pounds per acre of acid phos- 
phate or steamed bone meal, mix it with the soil, by disking if possible, and then 
plow it under. The limestone (about 5 tons) should be applied after plowing 
and mixed with the surface soil in the preparation of the seed bed. The special 
purpose of this treatment is to give the alfalfa a quick start in order that it 
may grow rapidly and thus protect the soil from washing. 


Light Gray Silt Loam on Tight Clay (332) 


Light gray silt loam on tight clay occurs in old timbered regions where 
the land is so nearly level that there is no chance for rapid surface drainage. 
It is the most common level timber land of Bond county and occupies a total 
area, of 16.45 square miles (10,528 aeres), or 4.42 percent of the county. The 
type has two distinct phases: one phase is slightly better surface-drained, but 
lighter colored and less productive; the other is more swampy (water oaks com- 
monly grow on this phase), with a darker surface and a greater porosity, so 
that better drainage is probably possible. The amount of this latter phase is 
small as compared with the former and is frequently confined to narrow strips 
too small to map. 
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‘*Scalds’’ are found on this type, but they are not so common as on the 
gray silt loam on tight clay (330) or the brown-gray silt loam on tight 
elay (328). 

The surface soil of this type, 0 to 6% inches, is a light gray to almost 
white silt loam containing 1.6 percent of organie matter, or 16 tons per acre. 
It is somewhat porous and incoherent, but contains sufficient clay to bake when 
puddled and dried. When the moisture content is at its optimum, the soil 
works very well, but because of the low organic-matter content it ‘‘runs to- 
gether’’ badly with rains or with freezing and thawing when wet. The surface 
soil, as well as the subsurface and subsoil, contains large numbers of iron oxid 
concretions of various sizes up to one-fourth inch in diameter. Small pebbles 
of quartz are sometimes found, possibly having been brought to the surface 
from the underlying glacial till by burrowing animals during past centuries. 

The subsurface varies from light gray silt loam to a white silt, compact 
but friable, from 2 to 20 inches in thickness. Water passes thru it slowly. 

The subsoil consists of a compact yellowish gray clayey silt, or silty clay, 
only slowly pervious to water, but usually not quite so tight as the correspond- 
ing layer of the gray silt loam on tight clay (330). In places the type has a 
somewhat more friable subsoil which is not so nearly impervious as the sub- 
surface. Where the tight clay occurs at the greater depths from the surface, 
it is less objectionable. 

An invoice of plant food shows great need of nitrogen and phosphorus. 
With provision made for these, with a liberal use of limestone and organic 
matter, including legume residues or farm manure, and with proper surface 
drainage, the soil ean be made highly productive. 


White Silt Loam on Tight Clay (332.1) 


White silt loam on tight clay is found on the level upland, and it is now or 
was formerly covered by a growth of stunted trees, principally the so-called 
post oak. The term post-oak flat or post-oak soil is commonly applied to this 
type, altho these terms are often used locally to designate the poorer phase of 
light gray silt loam on tight clay (332). The surface drainage is very poor 
and the subsoil is almost impervious. The total mapped area of this type in 
the county is only 4385 aeres, but there are many small areas that cannot be 
shown on the map. Much of the light-gray silt loam on tight clay (3382) grades 
toward this related type (332.1). 

Where land of this type has been cultivated, the surface soil, 0 to 624 
inches, is a white silt; in the timbered areas this characteristic white silt is 
sometimes overlain by an inch or two of dark gray silt loam. The organic- 
matter content of this layer is even lower in this type than in the light gray silt 
loam, containing only 1.25 percent, or 12.5 tons per acre. Because of this 
lack of organie matter and the high silt content, the soil ‘‘runs together’’ badly. 
Iron oxid coneretions are always present. 

The subsurface layer is a white silt with many iron oxid concretions. It 
varies from 4 to 16 inches in thickness and passes abruptly into the subsoil. 

The subsoil is a light yellow, iron-stained, silty clay, very tough and plastic 
when wet and hard when dry, with an organic-matter content of only .30 
percent. Both subsurface and subsoil are almost impervious. 
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The first need of this soil is ground limestone, the initial application of 
which may well be 4 to 6 tons per acre. The increase in organic matter should 
follow as rapidly as practicable. Legumes, such as cowpeas, clover, and sweet 
elover, should be grown and turned under with farm manure and crop residues, 
such as straw and corn stalks. For such flat, poorly drained land, alsike is 
usually a more satisfactory erop than red clover. Finally, phosphorus should 
be used liberally in connection with the organie matter in order to provide a 
permanent system of soil improvement. 


(e) Ringe Sors 
Yellow Silt Loam (2385) 


The morainal ridges of the lower Illinois glaciation have given a slight 
variation to the usual level topography of this region, their height varying 
from 20 to 100 feet or more. A fine covering of loess from 5 to 10 fect decp, 
together with excellent drainage, has resulted in the formation on these ridges 
of a soil known as yellow silt loam, very different from the surrounding prairie 
but somewhat resembling in texture the better phase of the yellow silt loam 
timber land (385) already described. The total area of this type in Bond 
county is 12.41 square miles (7,942 acres) or 3.33 percent of the county. 

The surface soil, 0 to 62% inches, is a yellow or yellowish brown silt loam 
with a considerable amount of very fine sand. The color varies with the amount 
of erosion that has taken place. Where little washing has oecurred, the color 
may be a yellowish brown, while with more washing it becomes yellow. The 
soil is loose, porous, and readily pervious to water. Its physical composition is 
such as to give it great water-retaining power and strong capillarity, so that 
it will resist drouth well if properly cultivated. The organic-matter content 
is about 1.8 percent, or 18 tons per acre. 

The subsurface layer, extending from 634 to about 20 inches below the 
surface, varies from a yellowish brown silt loam to a yellow silt or a slightly 
clayey silt. It becomes more compact with depth but still retains its pervious- 
ness and. capillary power. 

The upper part of the subsoil is somewhat compact and slightly clayey, but 
it passes into a friable silt containing some fine sand. It is yellow or reddish 
yellow in color. Below 24 inches it is sometimes slightly gray or marked with 
gray blotehes, and when grading toward yellow-gray silt loam (334) it becomes 
decidedly gray in places. This soil, considered from a physical standpoint, is 
almost as good as could be desired. In respect to aeration, drainage, and ability 
to withstand drouth, it is one of the best upland types in the county. 

The organic-matter content should be increased by growing clovers and 
cowpeas, and these should be turned under directly or as farm manure, together 
with crop residues, straw, and corn stalks. The maintenance of organic matter 
is made more difficult because of the rolling character of the land, which facili- 
tates erosion and the removal of the best soil. 

This ridge soil contains no limestone. As a rule the subsoil is markedly 
acid, but with a liberal use of limestone and thoro inoculation it becomes a 
very good soil for alfalfa, altho where badly worn manure may well be used 
in getting the alfalfa started. (See also discussion of yellow silt loam, No. 335.) 
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Gray-Red Silt Loam on Tight Clay (233) 


Gray-red silt loam on tight clay occurs on some of the ridges, which are 
in part at least of preglacial origin, rising from 5 to 75 feet above the sur- 
rounding upland. As a rule, it is one of the poorest upland types in the state, 
but most of the areas in this county are a better phase of the type than ordinary. 
This type in Bond county occupies 922 acres. In some places it may suffer 
from erosion, but it is extremely doubtful whether tile-drainage would profitably 
benefit this soil,—at best, not until other methods of improvement have been 
put into practice. 

The surface soil is a friable gray siit loam very similar to that of the gray 
silt loam on tight clay (330). 

The subsurface layer also resembles the corresponding stratum in gray 
silt loam on tight clay both in texture and thickness, but it contains more of 
the higher oxid of iron, which gives it a reddish color. As a rule, the organic- 
matter content is low. 

The subsoil lies from 7 to 20 inches below the surface and consists of a 
layer of very plastic, gummy, almost impervious red clay, varying from 4 to 
12 inches in thickness and underlain by a less plastic and more silty stratum. 
When dry, the red clay becomes so hard that it is next to impossible to bore 
into it with an auger. Where this layer appears at the surface, as it does on 
some small eroded areas, the land is practically worthless. 

This type of soil closely resembles the more extensive gray silt loam on tight 
clay (330). Methods for its improvement are the same, except on areas sub- 
ject to considerable erosion, where the addition of phosphorus is not advised. 
This factor of erosion, together with the tighter texture, as a rule will make 
the improvement of this type less satisfactory than that of the gray silt loam. 


Yellow Fine Sandy Silt Loam (245) 


Yellow fine sandy silt loam occupies some of the highest glacial ridges, 
which have been covered with a deposit of loess varying from 10 to 20 feet in 
thickness and of slightly coarser grade than the surrounding deposits.. The 
type has always been well drained and as a result is well oxidized. Practically 
all of it was originally forested. The total area in Bond county is almost 2 
square miles (1,267 acres), or .53 percent of the county. 

The surface soil, 0 to 624 inches, is a brownish yellow to a yellowish brown 
silt loam containing from 25 to 35 percent of fine sand. It also contains much 
coarse silt. This mixture furnishes the basis for an ideal soil. It is easy to 
work, porous, and at the same time has great water-retaining power and strong 
capillarity, so that it will resist drouth well when properly cared for. The 
organic-matter content is about 2 percent, or 20 tons per acre. 

The subsurface layer varies from a yellowish brown to a yellow silt loam, 
containing slightly more clay than the surface soil. It becomes somewhat 
more compact with depth, but still retains its perviousness and capillary power. 

The upper part of the subsoil is a somewhat compact, clayey silt, but it 
passes into a very pervious friable silt containing considerable amounts of fine 
sand and coarse silt. It is yellow or reddish yellow in color and rarely con- 
tains the gray blotches which are so common in yellow silt loam (235). 
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From a physical standpoint this type is the best upland soil in the county. 
As a rule it is low in organic matter and slightly acid. The organic matter 
should of course be increased, altho the rolling character of the type renders 
this problem difficult. 

Like most soils that are subject to much erosion, this type is poor in nitro- 
gen and rich in potassium. The supply of phosphorus is low but it increases 
with depth, so that erosion enriches the soil in that constituent. For this rea- 
son and also because of the extensive feeding range afforded by the porous 
character of the soil, the addition of phosphorus is not advised. 

Very marked and profitable improvement can be made with the use of 
limestone and legumes, and these means are sufficient to provide for permanent 
systems of moderately high produetion. 


(ad) Borrom-Lanp Sors 
Deep Gray Silt Loam (18381) 


Deep gray silt loam occurs along most of the streams of the lower Illinois 
glaciation. It is formed from the gray, yellow-gray, and yellow silt loams that 
have washed down from the upland and blended into a gray or yellowish gray 
soil. During floods these lands in most places still receive frequent or oc- 
casional deposits of new material. Aside from the difficulties from overflow 
and lack of drainage, this is the most valuable extensive soil type in Bond 
county. 

This type occupies a total area of 26.22 square miles (16,781 acres), or 
7.05 percent of the county. It lies so low that the drainage is generally poor, 
and there is often much difficulty in getting sufficient outlet for under-drainage 
or sometimes even for adequate surface drainage. Where a satisfactory outlet 
can be secured, tile drainage greatly benefits this soil. 

The surface soil is a gray silt loam, varying from a gray to a drab in eolor 
and from a loam to a clayey silt loam in physical composition. 

The subsurface and subsoil are about the same as the surface except that 
they are lighter in color and commonly a little more clayey with depth. In the 
smaller stream bottoms, the recent deposits are frequently yellow and slightly 
sandy, and consequently there is found in places a stratum of yellow on the 
gray, varying from a few inches to a foot or more in thickness. 

In phosphorus content, this type exceeds the most common prairie soil of 
the corn belt. The porous subsoil affords such a deep feeding range that the 
application of that element is not likely to give profitable returns, except where 
overflow is not common and where the soil has been long cropped. 

The soil of this type is acid. It is also rather poor in nitrogen, altho this 
deficiency is counterbalanced to a large extent by the great depth and porosity 
of the soil. 

While the overflow and drainage problems are of first importance, where 
these are under sufficient control to permit of soil improvement the use of lime- 
stone and the addition of nitrogenous organic matter, such as clover or manure 
plowed under, will make this soil still more productive; and if the land is pro- 
teeted from the usual overflow deposits, the addition of phosphorus will ulti- 
mately be necessary; even now it is likely to be profitable for the highest im- 
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provement of the soil. To illustrate, it may be pointed out that on the Uni- 
versity Farm at Urbana, land that has yielded 72.5 bushels of corn per acre as 
a six-year average, in a rotation of corn, oats, and clover, with limestone and 
organic manures provided, has with the addition of phosphorus made an aver- 
age of 88.5 bushels during the same years. Thus there may be room for phos. 
phorus ‘‘at the top,’’ even where very satisfactory yields may be secured with- 
out its application and where other factors are of first importance. 


Deep Brown Silt Loam (1326) 


The basic material for the deep brown silt loam naturally belongs to the 
middle Illinois glaciation with its dark-colored upland soils, but this has been 
covered by loads of dark sediment brought down by Shoal ereek and its tribu- 
taries and deposited over their flood plains. This sediment has heen more or 
less mixed with material brought in by small streams from the light-colored 
upland soils, resulting in the formation of soils intermediate in character or 
lacking in uniformity. The bottoms along the streams vary in width from a 
few rods to more than a mile. The soil of the narrower bottoms has a tendency 
to be darker than that of the wider areas. This type occupies 13.74 square 
miles (8,794 acres), or 3.7 percent of the area of Bond county. In topography 
it is flat or with very slight undulations that represent old stream or overflow 
channels. Better drainage is needed in much of this area. 

The surface soil, 0 to 63 inches, is a brown silt loam, varying in places, 
especially in the flat, poorly drained arcas, to a gray silt loam. While the 
organic-matter content of this type is not high, yet it is more easily maintained 
here than in the upland because of the occasional overflow and the consequent 
deposition of material rich in organic matter. The physical composition of this 
soil varies from a heavy silt loam to a sandy loam, but the areas of these extreme 
types, especially the latter, are so small and so changeable that it would not 
mean much to show them on the map, as the next flood might change their 
boundaries. 

The subsurface varies from a brown silt loam to a gray silt loam. 

The subsoil varies in color from a brown to a yellowish drab, and in physical 
composition from a clayey silt to a sandy loam or sometimes even a sand in the 
lower subsoil. 

Under the usual conditions it is very doubtful whether any materials can 
be applied to this soil with profit, but where feasible some legumes should be 
grown in the crop rotation. 
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APPENDIX 


A study of the soil map and the tabular statements concerning crop require- 
ments, the plant-food content of the different soil types, and the actual results 
secured from definite field trials with different methods or systems of soil im- 
provement, and a careful study of the discussion of general principles and of 
the descriptions of individual soil types, will furnish the most necessary and use- 
ful information for the practical improvement and permanent preservation of 
the productive power of every kind of soil on every farm in the county. 

More complete information concerning the most extensive and important soil 
types in the great soil areas in all parts of Illinois is contained in Bulletin 123, 
“The Fertility in Illinois Soils,’’ which contains a colored general soil-survey 
map of the entire state. 

Other publications of general interest are: 

Bulletin No. 76, ‘‘ Alfalfa on Illinois Soils’’ 

Bulletin No. 94, ‘‘Nitrogen Bacteria and Legumes’’ 

Bulletin No. 115, ‘‘Soil Improvement for the Worn Hill Lands of Illinois’’ 

Bulletin No. 125, ‘‘ Thirty Years of Crop Rotation on the Common Prairie Lands of 

Illinois’? 

Cireular No. 82, ‘‘Physical Improvement of Soils’’ 

Circular No. 110, ‘‘Ground Limestone for Acid Soils’’ 

Circular No. 127, ‘‘Shall We Use Natural Rock Phosphate or Manufactured Acid Phos- 

phate for the Permanent Improvement of Illinois Soils??? 

Circular No. 129, ‘‘The Use of Commercial Fertilizers’? 

Circular No. 149, ‘‘Results of Scientifie Soil Treatment’’ and ‘‘Methods and Results of 

Ten Years’ Soil Investigation in Illinois’? 
Circular No. 165, ‘‘Shall We Use ‘Complete’ Commercial Fertilizers in the Corn Belt?’’ 
Circular Ne. 167, ‘‘The Tlinois System of Permanent Fertility’? 


Norr.—Information as to where to obtain limestone, phosphate, bone meal, and potas- 
sium salts, methods of application, etc., will also be found in Circulars 110 and 165. 


Som Survey Meryops 


The detail soil survey of a county consists essentially of ascertaining, and 
indicating on a map, the location and extent of the different soil types; and, 
since the value of the survey depends upon its accuracy, every reasonable means 
is employed to make it trustworthy. To accomplish this object three things are 
essential: first, careful, well-trained men to do the work; second, an accurate 
base map upon which to show the results of the work; and, third, the means 
necessary to enable the men to place the soil-type boundaries, streams, ete., 
accurately upon the map. 

The men selected for the work must be able to keep their location exactly 
and to recognize the different soil types, with their principal variations and lim- 
its, and they must show these upon the maps correctly. A definite system is 
employed in checking up this work. As an illustration, one soil expert will sur- 
vey and map a strip 80 rods or 160 rods wide and any convenient length, while 
his associate will work independently on another strip adjoining this area, and, 
if the work is eorrectly done, the soil type boundaries must match up on the 
line between the two strips. 

An aceurate base map for field use is absolutely necessary for soil mapping. 
The base maps are made on a scale of one inch to the mile. The official data 
of the original or subsequent land survey are used as a basis in the construc- 
tion of these maps, while the most trustworthy county map available is used in 
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locating temporarily the streams, roads, and railroads. Since the best of these 
published maps have some inaccuracies, the location of every road, stream, and 
railroad must be verified by the soil surveyors, and corrected if wrongly located. 
In order to make these verifications and corrections, each survey party is pro- 
vided with an odometer for measuring distances, and a plane table for deter- 
mining directions of angling roads, railroads, ete. 

Each surveyor is provided’ with a base map of the proper scale, which is 
earried with him in the field; and the soil-type boundaries, ditches, streams, and 
necessary corrections are placed in their proper locations upon the map while 
the mapper is on the area. Each section, or square mile, is divided into 40-acre 
plots on the map, and the surveyor must inspect every ten acres and determine 
the type or types of soil composing it. The different types are indicated on the 
map by different colors, pencils for this purpose being carried in the field. 

A small auger 40 inches long forms for each man an invaluable tool with 
which he can quickly secure samples of the different strata for inspection. An 
extension for making the auger 80 inches long is carried by each party, so that 
any peculiarity of the deeper subsoil layers may be studied. Each man carries 
a compass to aid in keeping directions. Distances along roads are measured by 
an odometer attached to the axle of the vehicle, while distanees in the field off 
the roads are determined by pacing, an art in which the men become expert by 
practice. The soil boundaries can thus be located with as high a degree of ac- 
curacy as can be indicated by pencil on the scale of one inch to the mile. 


Som CHARACTERISTICS 


The unit in the soil survey is the soil type, and each type possesses more or 
less definite characteristics. The line of separation between adjoining types is 
usually distinct, but sometimes one type grades into another so gradually that 
it is very difficult to draw the line between them. In such exceptional cases, 
some slight variation in the location of soil-type boundaries is unavoidable. 

Several factors must be taken into account in establishing soil types. These 
are (1) the geological origin of the soil, whether residual, glacial, loessial, al- 
luvial, ecolluvial, or cumulose; (2) the topography, or lay of the land; (3) the 
native vegetation, as forest or prairie grasses; (4) the structure, or the depth 
and character of the surface, subsurface, and subsoil; (5) the physical, or me- 
chanical, composition of the different strata composing the soil, as the percent- 
ages of gravel, sand, silt, clay, and organic matter which they contain; (6) the 
texture, or porosity, granulation, friability, plasticity, ete.; (7) the color of the 
strata; (8) the natural drainage; (9) the agricultural value, based upon its 
natural productiveness; (10) the ultimate chemical composition and reaction. 

The common soil constituents are indicated in the following outline: 


Organic Comprising undecomposed and partially decayed 

matter vegetable or organic material 
Soil CUBS sticactcitarwieaie eee otemareneieer 001 mm." and less 
constituents : Bilbssccceddu eacdaeean epee ee Mas 001 mm. to .03 mm. 
a Bands sc en ahiccuin see ee se ean cee .03 mm, to 1. mm. 
: OPOVEL 6 ceca ac acuekew ee es seas eons 1. mm. to 32 mm, 
StONGB sas aii sos eek saw oes 32. mm. and over 


Further diseussion of these constituents is given in Circular 82. 


125 millimeters equal 1 inch. 
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Groups or Som Types 


The following gives the different general groups of soils: 

Peats—Consisting of 35 percent or more of organic matter, sometimes mixed 
with more or less sand or silt. 

Peaty loams—15 to 35 percent of organic matter mixed with much sand. 
Some silt and a little clay may be present. 

Mucks—15 to 35 percent of partly decomposed organic matter mixed with 
much clay and silt. 

Clays—Soils with more than 25 percent of clay, usually mixed with much 
silt. 

Clay loams—Soils with from 15 to 25 percent of clay, usually mixed with 
much silt and some sand. 

Silt loams—Soils with more than 50 percent of silt and less than 15 percent 
of elay, mixed with some sand. 

Loams—Soils with from 30 to 50 pereent of sand mixed with much silt and 
a little clay. 

Sandy loams—Soils with from 50 to 75 percent of sand. 

Fine sandy loams—Soils with from 50 to 75 pereent of fine sand mixed with 
much silt and little clay. 

Sands—Soils with more than 75 pereent of sand. 

Gravelly loams—Soils with 25 to 50 percent of gravel with much sand and 
some silt. 

Gravels—Soils with more than 50 percent of gravel and much sand. 

Stony loams—Soils containing a considerable number of stones over one inch 
in diameter. 

Rock outcrop—Usually ledges of rock having no direct agricultural value. 

More or less organie matter is found in all the above groups. 


Supply anp LIBERATION or PLANT Foop 


The productive capacity of land in humid seetions depends almost wholly 
upon the power of the soil to feed the crop; and this, in turn, depends both 
upon the stock of plant food contained in the soil and upon the rate at which 
it is liberated, or rendered soluble and available for use in plant growth. 
Protection from weeds, insects, and fungous diseases, tho exceedingly important, 
is not a positive but a negative factor in crop production. 

The chemical analysis of the soil gives the invoice of fertility actually pres- 
ent in the soil strata sampled and analyzed, but the rate of liberation is gov- 
erned by many factors, some of which may be controlled by the farmer, while 
others are largely beyond his control. Chief among the important controllable 
factors which influence the liberation of plant food are limestone and decaying 
organic matter, which may be added to the soil by direct application of ground 
limestone and farm manure. Organic matter may be supplied also by green- 
manure crops and erop residues, such as clover, cowpeas, straw, and corn stalks. 
The rate of decay of organic matter depends largely upon its age and origin, 
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and it may be hastened by tillage. The chemical analysis shows correctly the 
total organic carbon, which represents, as a rule, but little more than half the 
organic matter; so that 20,000 pounds of organie carbon in the plowed soil of 
an aere correspond to nearly 20 tons of organic matter. But this organic mat- 
ter consists largely of the old organic residues that have accumulated during the 
past centuries because they were resistant to decay, and 2 tons of clover or 
ccwpeas plowed under may have greater power to liberate plant food than the 
20 tons of old, inactive organic matter. The recent history of the individual 
farm or field must be depended upon for information concerning recent addi 
tions of active organic matter, whether in applications of farm manure, in 
legume crops, or in grass-root sods of old pastures. 

Probably no agricultural fact is more generally known by farmers and land- 
owners than that soils differ in productive power. Even tho plowed alike and 
at the same time, prepared the same way, planted the same day with the same 
kind of seed, and cultivated alike, watered by the same rains and warmed by 
the same sun, nevertheless the best acre may produce twice as large a crop as 
the poorest acre on the same farm, if not, indeed, in the same field; and the 
faet should be repeated and emphasized that with the normal rainfall of IIli- 
nois the productive power of the land depends primarily upon the stock of plant 
food contained in the soil and upon the rate at which it is liberated, just as 
the success of the merchant depends primarily upon his stock of goods and the 
rapidity of sales. In both eases the stock of any commodity must be increased 
or renewed whenever the supply of such commodity becomes so depleted as to 
limit the success of the business, whether on the farm or in the store. 

As the organic matter decays, certain decomposition products are formed, 
including much carbonic acid, some nitric acid, and various organie acids, and 
these have power to act upon the soil and dissolve the essential mineral plant 
foods, thus furnishing soluble phosphates, nitrates, and other salts of potassium, 
Inagnesium, calcium, ete., for the use of the growing crop. 

As already explained, fresh organic matter decomposes much more rapidly 
than old humus, which represents the organic residues most resistant to deeay 
and which consequently has accumulated in the soil during the past centuries. 
The decay of this old humus can be hastened both by tillage, which maintains 
a porus condition and thus permits the oxygen of the air to enter the soil more 
freely and to effect the more rapid oxidation of the organic matter, and also by 
incorporating with the old, resistant residues some fresh organic matter, such 
as farm manure, clover roots, etce., which decay rapidly and thus furnish or lib- 
erate organic matter and inorganic food for bacteria, the bacteria, under such 
favorable conditions, appearing to have power to attack and decompose the old 
humus. It is probably for this reason that peat, a very inactive and inefficient 
fertilizer when used by itself, becomes much more effective when composted with 
fresh farm manure; so that two tons of the compost! may be worth as much as 
two tons of manure, but if applied separately, the peat has little value. Bae- 
terial action is also promoted by the presence of limestone. 


In his book, ‘‘FPertilizers,’’ published in 1839, Cuthbert W. Johnson reported such com- 
post to have been much used in England and to be valued as highly, ‘‘weight for weight, as 
farm-yard dung.’?’ 
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The condition of the organic matter of the soil is indicated more or less 
definitely by the ratio of carbon to nitrogen. As an average, the fresh organic 
matter incorporated with soils contains about twenty times as much carbon as 
nitrogen, but the carbohydrates ferment and decompose much more rapidly than 
the nitrogenous matter; and the old resistant organic residues, such as are found 
in normal subsoils, commonly contain only five or six times as much carbon as 
nitrogen. Soils of normal physical composition, such as loam, clay loam, silt 
loam, and fine sandy loam, when in good productive condition, contain about 
twelve to fourteen times as much carbon as nitrogen in the surface soil; while 
in old, worn soils that are greatly in need of fresh, active, organic manures, the 
ratio is narrower, sometimes falling below ten of carbon to one of nitrogen. 
Soils of cut-over or burnt-over timber lands sometimes contain so much partially 
decayed wood or ehareoal as to destroy the value of the nitrogen-carbon ratio 
for the purpose indicated. (Except in newly made alluvial soils, the ratio is 
usually narrower in the subsurface and subsoil than in the surface stratum.) 

It should be kept in mind that crops are not made out of nothing. They 
are composed of ten different elements of plant food, every one of which is 
absolutely essential for the growth and formation of every agricultural plant. 
Of these ten elements of plant food, only two (carbon and oxygen) are secured 
from the air by all agricultural plants, only one (hydrogen) from water, and 
seven from the soil. Nitrogen, one of these seven elements secured from the 
soil by all plants, may also be secured from the air by one class of plants 
(legumes), in case the amount liberated from the soil is insufficient; but even 
these plants (which include only the clovers, peas, beans, and vetches, among 
our commen agricultural plants) secure from the soil alone six elements (phos- 
phorus, potassium, magnesium, calcium, iron, and sulfur), and also utilize the 
soil nitrogen so far as it becomes soluble and available during their period of 
growth. 

Plants are made of plant-food elements in just the same sense that a build- 
ing is made of wood and iron, brick, stone, and mortar. Without materials, 
nothing material can be made. The normal temperature, sunshine, rainfall, and 
length of season in central Tlinois are sufficient to produce 50 bushels of wheat 
per acre, 100 bushels of corn, 100 bushels of oats, and 4 tons of clover hay; and, 
where the land is properly drained and properly tilled, such crops would fre- 
quently be secured if the plant foods were present in sufficient amounts and 
liberated at a sufficiently rapid rate to meet the absolute needs of the crops. 


Crop REQUIREMENTS 


The accompanying table shows the requirements of wheat, corn, oats, and 
clover for the five most important plant-food elements which the soil must fur- 
nish. (Iron and sulfur are supplied normally in sufficient abundance compared 
with the amounts needed by plants, so that they are never known to limit the 
yield of general farm crops grown under normal conditions.) 
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TaBLE A.—PLANT Foon IN WHEAT, CORN, OATS, AND CLOVER 


Produce Nitro- | Phos- | Potas- | Magne-| Cal 
Kind Amount gen phorus sium sium cium 
7 Ibs. Ibs. Ibs. Ibs. lbs 
Wheat, grain....... 50 bu, 71 12 13 4 1 
Wheat straw....... 21 tons 25 4 45 4 10 
Corn, grain......... 100 bu. 100 17 19 7 1 
Corn stover......... | 3 tons 48 6 58 10 21 
Corn cobs.......... ¥% ton 2 2 
Oats, grain.......... 100 bu. 66 11 16 4 2 
Oat straw.......... 2% tons 31 5 52 7 15 
Clover seed......... 4bn. 7 2 3 1 | 1 
Clover hay......... 4 tons 160 20 120 Bl} 117 
Total in grain and seed......... cece ee eee p44t 42 51 16 | 4 
Total im: £OUr CPOPSs ..w20> pany purak ts sued eeai as 510+ 17 822 68 | 168 


‘These amounts include the nitrogen contained in the clover seed or hay, which, how- 
ever, may be secured from the air. 


To be sure, these are large yields, but shall we try to make possible the 
production of yields only half or a quarter as large as these, or shall we set as 
our ideal this higher mark, and then approach it as nearly as possible with 
profit? Among the four crops, corn is the largest, with a total vield of more 
than six tons per acre; and yet the 100-bushel crop of corn is often produced 
on rich pieces of land in good seasons. In very practical and profitable systems 
of farming, the Illinois Experiment Station has produced, as an average of the 
six years 1905 to 1910, a yield of 87 bushels of corn per aere in grain farming 
(with limestone and phosphorus applied, and with crop residues and legume 
crops turned under), and 90 bushels per acre in live-stock farming (with lime- 
stone, phosphorus, and manure). 

The importance of maintaining a rich surface soil cannot be too strongly 
emphasized. This is well illustrated by data from the Rothamsted Experiment 
Station, the oldest in the world. On Broadbalk field, where wheat has been 
grown since 1844, the average yields for the ten years 1892 to 1901 were 12.3 
bushels per acre on Plot 3 (unfertilized) and 31.8 bushels on Plot 7 (well ferti- 
lized), but the amounts of both nitrogen and phosphorus in the subsoil (9 to 27 
inches) were distinctly greater in Plot 3 than in Plot 7, thus showing that the 
higher yields from Plot 7 were due to the fact that the plowed soil had been 
enriched. In 1893 Plot 7 contained per acre in the surface soil (0 to 9 inches) 
about 600 pounds more nitrogen and 900 pounds more phosphorus than Plot 3. 
Even a rich subsoil has little value if it lies beneath a worn-out surface. 


Metuops oF LipFRaTING Puant Foop 


Limestone and decaying organic matter are the principal materials which 
the farmer can utilize most profitably to bring about the liberation of plant 
food. The limestone corrects the acidity of the soil and thus encourages the 
development not only of the nitrogen-gathering bacteria which live in the nodules 
on the roots of clover, cowpeas, and other legumes, but also the nitrifying 
bacteria, which have power to transform the insoluble and unavailable organic 
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nitrogen into soluble and available nitrate nitrogen. At the same time, the 
products of this decomposition have power to dissolve the minerals contained 
in the soil, such as potassium and magnesium, and also to dissolve the insoluble 
phosphate and limestone which may be applied in low-priced forms. 

Tillage, or cultivation, also hastens the liberation of plant food by permit- 
ting the air to enter the soil and burn out the organic matter; but it should 
never be forgotten that tillage is wholly destructive, that it adds nothing what- 
ever to the soil, but always leaves it poorer. Tillage should be practiced so 
far as is necessary to prepare a suitable seed-bed for root development and 
also for the purpose of killing weeds, but more than this is unnecessary and 
unprofitable in seasons of normal rainfall; and it is much better actually to 
enrich the soil by proper applications or additions, including limestone and 
organic matter (both of which have power to improve the physical condition 
as well as to liberate plant food) than merely to hasten soil depletion by means 
of excessive cultivation. 


PERMANENT Soil IMPROVEMENT 


The best and most profitable methods for the permanent improvement of 
the common soils of Illinois are as follows: 

(1) If the soil is acid, apply at least two tons per acre of ground lime- 
stone, preferably at times magnesian limestone (CaCO,MgCO,), which con- 
tains both calcium and magnesium and has slightly greater power to correct 
soil acidity, ton for ton, than the ordinary calcium limestone (CaCO,) ; and 
continue to apply about two tons per acre of ground limestone every four or 
five years. On strongly acid soils, or on land being prepared for alfalfa, five 
tons per acre of ground limestone may well be used for the first application. 

(2) Adopt a good rotation of crops, including a liberal use of legumes, and 
inerease the organic matter of the soil either by plowing under the legume crops 
and other crop residues (straw and corn stalks), or by using for feed and bed- 
ding practically all the crops raised and returning the manure to the land with 
the least possible loss. No one can say in advance what will prove to be the 
best rotation of crops, because of variation in farms and farmers, and in prices 
for produce, but the following are suggested to serve as models or outlines: 


First year, corn. 

Second year, corn. 

Third year, wheat or oats (with clover or clover and grass). 

Fourth year, clover or clover and grass. 

Fifth year, wheat and clover or grass and clover. 

Sixth year, clover or clover and grass. 

Of course there should be as many fields as there are years in the rotation. 
In grain farming, with small grain grown the third and fifth years, most of the 
coarse products should be returned to the soil, and the clover may be clipped 
and left on the land (only the clover seed being sold the fourth and sixth years) ; 
or, in live-stock farming, the field may be used three years for timothy and 
clover pasture and meadow if desired. The system may be redueed to a five- 
year rotation by cutting out either the second or the sixth year, and to a four- 
year system by omitting the fifth and sixth years. 
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With two years of corn, followed by oats with clover-seeding the third year, 
and by clover the fourth year, all produce can be used for feed and bedding if 
other land is available for permanent pasture. Alfalfa may be grown on a fifth 
field for four or eight years, which is to be alternated with one of the four; or 
the alfalfa may be moved every five years, and thus rotated over all five fields 
every twenty-five years. 


Other four-year rotations more suitable for grain farming are: 

Wheat (and clover), corn, oats, and clover; or corn (and elover), cowpeas, wheat, and 
clover. (Alfalfa may be grown on a fifth field and rotated every five years, the 
hay being sold.) 

Good three-year rotations are: 

Corn, oats, and elover; corn, wheat, and clover; or wheat (and clover), corn (and 
clover), and cowpeas, in which two cover crops and one regular crop of legumes 
are grown in three years. 

A five-year rotation of (1) corn (and clover), (2) cowpeas, (3) wheat, 

(4) clover, and (5) wheat (and clover) allows legumes to be seeded four times. 
Alfalfa may be grown on a sixth field for five or six years in the combination 
rotation, alternating between two fields every five years, or rotating over all the 
fields if moved every six years. 

To avoid clover sickness it may sometimes be necessary to substitute sweet 
elover or alsike for red clover in about every third rotation, and at the same 
time to discontinue its use in the cover-crop mixture. If the corn crop is not 
too rank, cowpeas or soybeans may also be used as a cover crop (seeded at the 
last cultivation) in the southern part of the state, and, if necessary to avoid 
disease, these may well alternate in successive rotations. 

For easy figuring it may well be kept in mind that the following amounts 
of nitrogen are required for the produce named: 

1 bushel of oats (grain and straw) requires 1 pound of nitrogen. 

1 bushel of corn (grain and stalks) requires 14% pounds of nitrogen. 

1 bushel of wheat (grain and straw) requires 2 pounds of nitrogen. 

1 ton of timothy requires 24 pounds of nitrogen. 

1 ton of clover contains 40 pounds of nitrogen. 

1 ton of cowpeas contains 43 pounds of nitrogen. 

1 ton of average manure contains 10 pounds of nitrogen. 

The roots of clover contain about half as much nitrogen as the tops, and 
the rocts of cowpeas contain about one-tenth as much as the tops. 

Soils of moderate productive power will furnish as much nitrogen to clover 
(and two or three times as much to cowpeas) as will be left in the roots and 
stubble. In grain crops, such as wheat, corn, and oats, about two-thirds of the 
nitrogen is contained in the grain and one-third in the straw or stalks. (See 
also discussion of ‘‘The Potassium Problem,’’ on pages following.) 

(8) On all lands deficient in phosphorus (except on those susceptible to 
serious erosion by surface washing or gullying) apply that element in consid- 
erably larger amounts than are required to meet the actual needs of the crops 
desired to be produced. The abundant information thus far secured shows posi- 
tively that fine-ground natural rock phosphate can be used successfully and very 
profitably, and clearly indicates that this material will be the most economical 
form of phosphorus to use in all ordinary systems of permanent, profitable soil 
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improvement. The first application may well be onc ton per acre, and subse- 
quently about one-half ton per acre every four or five years should be applied, 
at least until the phosphorus content of the plowed soil reaches 2,000 pounds per 
acre, which may require a total application of from three to five or six tons per 
acre of raw phosphate containing 1214 percent of the element phosphorus. 

Steamed bone meal and even acid phosphate may be used in emergencies, 
but it should always be kept in mind that phosphorus delivered in Illinois costs 
about 3 cents a pound in raw phosphate (direct from the mine in carload lots), 
but 10 cents a pound in steamed bone meal, and about 12 cents a pound in acid 
phosphate, both of which cost too much per ton to permit their common purchase 
by farmers in carload lots, which is not the case with limestone or raw phos- 
phate. 

Phosphorus once applied to the soil remains in it until removed in crops, 
unless carried away mechanically by soil erosion. (The loss by leaching is only 
about 1% pounds per acre per annum, so that more than 150 years would be 
required to leach away the phosphorus applied in one ton of raw phosphate.) 

The phosphate and limestone may be applied at any time during the rota- 
tion, but a good method is to apply the limestone after plowing and work it into 
the surface soil in preparing the seed bed for wheat, oats, rye, or barley, where 
clover is to be seeded; while phosphate is best plowed under with farm manure, 
clover, or other green manures, which serve to liberate the phosphorus. 

(4) Until the supply of decaying organic matter has been made adequate, 
on the poorer types of upland timber and gray prairie soils some temporary 
benefit may be derived from the use of a soluble salt or a mixture of salts, such 
as kainit, which contains both potassium and magnesium in soluble form and 
also some common. salt (sodium echlorid). About 600 pounds per aere of kainit 
applied and turned under with the raw phosphate will help to dissolve the phos- 
phorus as well as to furnish available potassium and magnesium, and for a few 
years such use of kainit may be profitable on lands deficient in organic matter, 
but the evidence thus far secured indicates that its use is not absolutely necessary 
and that it will not be profitable after adequate provision is made for supplying 
decaying organic matter, since this will necessitate returning to the soil the 
potassium contained in the erop residues from grain farming or the manure 
produced in live-stock farming, and will also provide for the liberating of potas- 
sium from the soil. (Where hay or straw is sold, manure should be bought.) 

On soils which are subject to surface washing, including especially the 
yellow silt loam of the upland timber area, and to some extent the yellow-gray 
silt loam and other more rolling areas, the supply of minerals in the subsurface 
and subsoil (which gradually renew the surface soil) tends to provide for a 
low-grade system of permanent agriculture if some use is made of legume plants, 
as in long rotations with much pasture, because both the minerals and nitrogen 
are thus provided in some amount almost permanently; but where such lands 
are farmed under such a system, not more than two or three grain crops should 
be grown during a period of ten or twelve years, the land being kept in pasture 
most of the time; and where the soil is acid a liberal use of limestone, as top- 
dressings if necessary, and occasional reseeding with clovers will benefit both the 
pasture and indirectly the grain crops. 
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ADVANTAGE OF Crop ROTATION AND PERMANENT SySTEMS 


It should be noted that clover is not likely to be well infected with the 
clover bacteria during the first rotation on a given farm or field where it has 
not been grown before within recent years; but even a partial stand of clover 
the first time will probably provide a thousand times as many bacteria for the 
next clover crop as one could afford to apply in artificial inoculation, for a single 
root-tubercle may contain a million bacteria developed from one during the sea- 
son’s growth. 

This is only one of several advantages of the second course of the rotation 
over the first course. Thus the mere practice of crop rotation is an advantage, 
especially in helping to rid the land of insects and foul grass and weeds. The 
lover crop is an advantage to subsequent crops because of its deep-rooting char- 
acteristic. The larger applications of organic manures (made possible by the 
larger erops) are a great advantage; and in systems of permanent soil improve- 
ment, such as are here advised and illustrated, more limestone and more phos- 
phorus are provided than are needed for the meager or moderate crops pro- 
duced during the first rotation, and consequently the crops in the second rota- 
tion have the advantage of such accumulated residues (well incorporated with 
the plowed soil) in addition to the regular applications made during the second 
rotation. 

This means that these systems tend positively toward the making of richer 
lands. The ultimate analyses recorded in the tables give the absolute invoice 
of these Illinois soils. They show that most of them are positively deficient only 
in limestone, phosphorus, and nitrogenous organic matter; and the accumulated 
information from careful and long-continued investigations in different parts of 
the United States clearly establishes the fact that in general farming these essen- 
tials can be supplied with greatest economy and profit by the use of ground nat- 
ural limestone, very finely ground natural rock phosphate, and legume crops to 
be plowed under directly or in farm manure. On normal soils no other applica- 
tions are absolutely necessary, but, as already explained, the addition of some 
soluble salt in the beginning of a system of improvement on Some of these soils 
produces temporary benefit, and if some inexpensive salt, such as kainit, is used, 
t may produce sufficient increase to more than pay the added cost. 


Tuer Porassitum PRoBLEM 


As reported in Illinois Bulletin 128, where wheat has been grown every year 
-for more than half a century at Rothamsted, England, exactly the same increase 
was produced (5.6 bushels per acre), as an average of the first 24 years, whether 
potassium, magnesium, or sodium was applied, the rate of application per annum 
being 200 pounds of potassium sulfate and molecular equivalents of magnesium 
sulfate and sodium sulfate. As an average of 60 years (1852 to 1911), the yield 
of wheat was 12.7 bushels on untreated land and 23.3 bushels where 86 pounds 
of nitrogen and 29 pounds of phosphorus per acre per annum were applied. 
As further additions, 85 pounds of potassium raised the yield to 31.3 bushels; 
52 pounds of magnesium raised it to 29.2 bushels; and 50 pounds of sodium raised 
it to 29.5 bushels. Where potassium was applied, the wheat crop removed an- 
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nually an average of 40 pounds of that element in the grain and straw, or three 
times as much as would be removed in the grain only for such crops as are 
suggested in Table A. The Rothamsted soil contained an abundance of lime- 
stone, but no organic matter was provided except the little in the stubble and 
roots of the wheat plants. 

On another field at Rothamsted the average yield of barley for 60 years 
(1852 to 1911) was 14.2 bushels on untreated land, 38.1 bushels where 43 pounds 
of nitrogen and 29 pounds of phosphorus were applied per acre per annum; 
while the further addition of 85 pounds of potassium, 19 pounds of magnesium, 
and 14 pounds of sodium (all in sulfates) raised the average yield to 41.5 
bushels. "Where only 70 pounds of sodium were applied in addition to the 
nitrogen and phosphorus, the average was 43.0 bushels. Thus, as an average 
of 60 years, the use of sodium produced 1.8 bushels less wheat and 1.5 bushels 
more barley than the use of potassium, with both grain and straw removed and 
no organic manures returned. 

In recent years the effect of potassium is becoming much more marked than 
that of sodium or magnesium, on the wheat crop; but this must be expected to 
occur in time where no potassium is returned in straw or manure, and no pro- 
vision made for liberating potassium from the supply still remaining in the soil. 
If the wheat straw, which contains more than three-fourths of the potassium 
removed in the wheat crop (see Table A), were returned to the soil, the neces- 
sity of purchasing potassium in a good system of farming on such land would 
be at least very remote, for the supply would be adequately maintained by 
the actual amount returned in the straw, together with the additional amount 
which would be liberated from the soil by the action of decomposition products. 

While about half the potassium, nitrogen, and organie matter, and about 
one-fourth the phosphorus contained in manure is lost by three or four months’ 
exposure in the ordinary pile in the barn yard, there is practically no loss 
if plenty of absorbent bedding is used on cement floors, and if the manure is 
hauled to the field and spread within a day or two after it is produced. Again, 
while in average live-stock farming the animals destroy two-thirds of the or- 
ganic matter and retain one-fourth of the nitrogen and phosphorus from the 
food they consume, they retain less than one-tenth of the potassium; so that the 
actual loss of potassium in the products sold from the farm, either in grain 
farming or in live-stock farming, is wholly negligible on land containing 25,000 
pounds or more of potassium in the surface 624 inches. 

The removal of one inch of soil per century by surface washing (which is 
likely to occur wherever there is satisfactory surface drainage and frequent cul- 
tivation) will permanently maintain the potassium in grain farming by re- 
newal from the subsoil, provided one-third of the potassium is removed by crop- 
ping before the soil is carried away. 

Frem all these facts it will be seen that the potassium problem is not one 
of addition but of liberation; and the Rothamsted records show that for many 
years other soluble salts have practically the same power as potassium to increase 
crop yields in the absence of sufficient decaying organic matter. Whether this 
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action relates to supplying or liberating potassium for its own sake, or to the 
power of the soluble salt to increase the availability of phosphorus or other ele- 
ments, is not known, but where much potassium is removed, as in the entire crops 
at Rothamsted, with no return of organic residues, probably the soluble salt 
functions in both ways. 

As an average of 112 separate tests conducted in 1907, 1908, 1909, and 1910 
on the Fairfield experiment field, an application of 200 pounds of potassium 
sulfate, containing 85 pounds of potassium and costing $5.10, increased the yield 
of corn by 9.3 bushels per acre; while 600 pounds of kainit, containing only 60 
pounds of potassium and costing $4, gave an increase of 10.7 bushels. Thus, at 
40 cents a bushel for corn, the kainit paid for itself; but these results, like those 
at Rothamsted, were secured where no adequate provision had been made for 
decaying organic matter. 

Additional experiments at Fairfield included an equally complete test with 
potassium sulfate and kainit on land to which 8 tons per acre of farm manure 
were applied. As an average of 112 tests with each material, the 200 pounds 
of potassium sulfate increased the yield of corn by 1.7 bushels, while the 600 
pounds of kainit also gave an increase of 1.7 bushels. Thus, where organic 
manure was supplied, very little effect was produced by the addition of either 
potassium sulfate or kainit; in part perhaps because the potassium removed in 
the crops is mostly returned in the manure if properly cared for, and perhaps 
in larger part because the decaying organic matter helps to liberate and hold 
in solution other plant-food elements, especially phosphorus. 

In laboratory experiments at the Illinois Experiment Station, it has been 
shown by chemical analysis that potassium salts and most other soluble salts 
inerease the solubility of the phosphorus in soil and in rock phosphate; also 
that the addition of glucose with rock phosphate in pot-eulture experiments 
inereases the availability of the phosphorus, as measured by plant growth, altho 
the glucose consists only of carbon, hydrogen, and oxygen, and thus contains 
no plant food of value. 

If we remember that, as an average, live stock destroy two-thirds of the or- 
ganic matter of the food they consume, it it easy to determine from Table A that 
more organic matter will be supplied in a proper grain system than in a strictly 
live-stock system; and the evidence thus far secured from older experiments at 
the University and at other places in the state indicates that if the corn stalks, 
straw, clover, et¢., are incorporated with the soil as soon as practicable after they 
are produced (whieh can usually be done in the late fall or early spring), there 
is little or no difficulty in securing sufficient decomposition in our humid climate 
to avoid serious interference with the capillary movement of the soil moisture, 
a common danger from plowing under too much coarse manure of any kind in 
the late spring of a dry year. 

If, however, the entire produce of the land is sold from the farm, as in hay 
farming or when both grain and straw are sold, of course the draft on potas- 
sium will then be so great that in time it must be renewed by some sort of appli- 
cation. As a rule, farmers following this practice ought to secure manure from 
town, since they furnish the bulk of the material out of which manure is pro- 
duced. 
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CaLcIuM AND MaGgNEsIUM 


When measured by the actual erop requirements for plant food, magnesium 
and calcium are more limited in some Illinois soils than potassium. But with 
these elements we must also consider the loss by leaching. As an average of 90 
analyses’ of Illinois well-waters drawn chiefly from glacial sands, gravels, or till, 
3 million pounds of water (about the average annual drainage per acre for 
Tilinois) contained 11 pounds of potassium, 180 of magnesium, and 330 of cal- 
cium. These figures are very significant, and it may be stated that if the plowed 
soil is well supplied with the earbonates of magnesium and calcium, then a very 
considerable proportion of these amounts will be leached from that stratum. 
Thus the loss of calcium from the plowed soil of an acre at Rothamsted, England, 
where the soil contains plenty of limestone, has averaged more than 300 pounds 
a year as determined by analyzing the soil in 1865 and again in 1905. Prac- 
tically the same amount of calcium was found, by analyses, in the Rothamsted 
drainage waters. 

Common limestone, which is calcium carbonate (CaCO,), contains, when 
pure, 40 pereent of calcium, so that 800 pounds of limestone are equivalent to 
820 pounds of calcium. Where 10 tons per acre of ground limestone were 
applied at Edgewood, Illinois, the average annual loss during the next ten years 
amounted to 790 pounds per acre. The definite data from careful investigations 
seem to be ample to justify the conclusion that where limestone is needed at 
least 2 tons per acre should be applied every 4 or 5 years. 

It is of interest to note that thirty crops of clover of four tons each would 
require 3,510 pounds of calcium, while the most common prairie land of southern 
Illinois contains only 3,420 pounds of total calcium in the plowed soil of an 
acre. (See Soil Report No. 1.) Thus limestone has a positive value on some 
soils for the plant food which it supplies, in addition to its value in correcting 
soil acidity and in improving the physical condition of the soil. Ordinary lime- 
stone (abundant in the southern and western parts of the state) contains nearly 
800 pounds of calcium per ton; while a good grade of dolomitic limestone (the 
more common limestone of northern Illinois) contains about 400 pounds of cal- 
cium and 300 pounds of magnesium per ton. Both of these elements are fur- 
nished in readily available form in ground dolomitie limestone. 


Reported by Doctor Bartow and associates, of the Illinois State Water Survey. 
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PUBLICATIONS RELATING TO ILLINOIS SOIL LNVESTIGATIONS 


BULLETINS 


Alfalfa on Illinois Soil, 1902 (5th edition, 1913). 

Climate of Tllinois, 1903. 

Soil Treatment for Wheat in Rotation, with Special Reference to Southern Tlinois, 1903. 
Soil Treatment for Peaty Swamp Lands, Including Reference to Sand and ‘‘ Alkali?’ 
Soils, 1904, (See No. 157.) 

Nitrogen Bacteria and Legumes, 1904 (4th edition, 1912). 

Soil Treatment, for the Lower Illinois Glaciation, 1905, 

Soil Improvement for the Worn Hill Lands of Hlinois, 1907. 

The Fertility in Illinois Soils, 1908 (2d edition, 1911) 

Thirty Years of Crop Rotations on the Common Prairie Soil of Tlinois, 1908. 
Quantitative Relationships of Carbon, Phosphorus, and Nitrogen in Soils, 1910 (2a 
edition, 1912). 

Peaty Swamp Lands; Sand and ‘‘ Alkali’? Soils, 1912. 


CIRCULARS 


Investigations of Hlinois Soils, 1903. 

Methods of Maintaining the Productive Capacity of [linois Soils, 1903 (2d edition, 1905). 
Infected Alfalfa Soil, 1903. 

Present Status of Soil Investigation, 1903 (2d edition, 1904). 

The Physical Improvement of Soils, 1904 (3d edition, 1912). 

Science and Sense in the Inoculation of Legumes, 1905 (2d edition, 1913). 

Factors in Crop Production, with Special Reference to Permanent Agriculture in IWinois, 
1905. 

Soil Improvement for the Illinois Corn Belt, 1905 (2d edition, 1906). 

Soil Treatment for Wheat on the Poorer Lands of the IHinois Wheat Belt, 1905. 

The ‘‘Gist’’ of Four Years’ Soil Investigations in the Illinois Wheat Belt, 1905. 

The ‘‘Gist’’ of Four Years’ Soil Investigations in the INinois Corn Belt, 1905. 

The Duty of Chemistry to Agriculture, 1906 (2d edition, 1913). 

Tllinois Soils in Relation to Systems of Permanent Agriculture, 1907. 

Improvement of Upland Timber Soils of Illinois, 1907. 

Ground Limestone for Acid Soils, 1907 (3d edition, 1912). 

Phosphorous and Humus in Relation to Ilinois Soils, 1908, 

Washing of Soils and Methods of Prevention, 1908 (2d edition, 1912), 

Seven Years’ Soil Investigation in Southern Illinois, 1908. 

The Status of Soil Fertility Investigations, 1908. 

Chemical Principles of Soil Fertility, 1908. 

Shall We Use Natural Rock Phosphate or Manufactured Acid Phosphate for the Per- 
manent Improvement of Illinois Soils? 1909 (3d edition, 1912). 

The Use of Commercial Fertilizers, 1909. 

A Phosphate Problem for Ilinois Land Owners, 1909. 

Crop Rotation for Illinois Soils, 1910 (2d edition, 1913). 

European Practice and American Theory Concerning Soil Fertility, 1910. 

The Story of a King and Queen, 1910. 

Results of Scientific Soil Treatment; and Methods and Results of Ten Years’ Soil 
Investigation in Illinois, 1911. 

Collecting and Testing Soil Samples, 1911 (2d edition, 1912). 

Plant Food in Relation to Soil Fertility, 1912. 

Illinois Conditions, Needs, and Future Prospects, 1912. 

Shall we Use ‘‘Complete’’ Commercial Fertilizers in the Corn Belt? 1912 (4th edition, 
1913). 

The Illinois System of Permanent Fertility, 1913. 

Bread from Stones, 1913. 


Som REPortTs 
Clay County Soils, 1911. 
Moultrie County Soils, 1911. 
Hardin County Soils, 1912. 
Sangamon County Soils, 1912. 
La Salle County Soils, 1913. 
Knox County Soils, 1913. 
McDonough County Soils, 1913. 
Bond County Soils, 1913. 
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Data From Eien? Years’ ACTUAL FigLD EXPERIMENTS 


AS APPLIED TO AN AVERAGE 80-ACRE Farm IN SOUTHERN ILLINOIS 


Crop Rotation: Corn, Cowpeas (or Soybeans), Wheat, and Clover 


Fields of Where manure | With manure, Value Cost of lime- 
20 acres alone is limestone, and of stone and 
in size used rock phosphate inerease phosphate 


Value of Crops First Four Years 


- Field No. 1......... $492.60 $854,80 $362.20 $200 
Field No. 2......... 360.40 455,40 95.00 200 
Field No. 8......... 632.40 852.20 219.80 200 
’ Field No. 4......... . §47.40 867.40 320.00 200 
Total for four years. . $2032.80 $3029.80 $997.00 $800 ~ 


Value of Crops Second Four Years 


Fieid No. i......00, | $596.80 1251.40 | $654.60 $200 
Field No. 2......... 549.20 1046.80 497.60 200 
Field No. 3......... 508.20 1228.40 720.20 200 
Field No. 4......... 707.00 4149.40 0 | 442,40 200 
Total for four years. . $2361.20 $4676.00 | $2314.80 $800 


The fact that this system of soil improvement is profitable is very important, 
but of even greater importance is the fact that the system is permanent. It 
provides for positive soil enrichment in all essentials naturally deficient. In 
these eight years’ experiments the soil has been changed from an acid to a ‘‘lime- 
stone soil,’ and the phosphorus content of the plowed soil has been increased 
from 750 to 1200 pounds per acre, an amount equal to that of the $200 corn- 
belt land. (For complete details of these investigations see Tables 5, 6, 7, and 8.) 


Accessibility Statement 


This document is not accessible by screen-reader software. The Natural 
Resources Conservation Service (NRCS) is committed to making its 
information accessible to all of its customers and employees. If you are 
experiencing accessibility issues and need assistance, please contact our 
Helpdesk by phone at (800) 457-3642 or by e-mail at ServiceDesk-FTC@ 
ftc.usda.gov. For assistance with publications that include maps, graphs, or 
similar forms of information, you may also wish to contact our State or local 
office. You can locate the correct office and phone number at http://offices. 


sc.egov.usda.gov/locator/app. 


The U.S. Department of Agriculture (USDA) prohibits discrimination 
against its customers. If you believe you experienced discrimination 
when obtaining services from USDA, participating in a USDA program, 
or participating in a program that receives financial assistance from 
USDA, you may file a complaint with USDA. Information about how to 
file a discrimination complaint is available from the Office of the Assistant 
Secretary for Civil Rights. USDA prohibits discrimination in all its programs 
and activities on the basis of race, color, national origin, age, disability, and 
where applicable, sex (including gender identity and expression), marital 
status, familial status, parental status, religion, sexual orientation, political 
beliefs, genetic information, reprisal, or because all or part of an individual’s 
income is derived from any public assistance program. (Not all prohibited 
bases apply to all programs.) 


To file a complaint of discrimination, complete, sign, and mail a program 
discrimination complaint form, available at any USDA office location or 
online at www.ascr.usda.gov, or write to: 


USDA 

Office of the Assistant Secretary for Civil Rights 
1400 Independence Avenue, S.W. 

Washington, DC 20250-9410 


Or call toll free at (866) 632-9992 (voice) to obtain additional 
information, the appropriate office or to request documents. Individuals who 
are deaf, hard of hearing, or have speech disabilities may contact USDA 
through the Federal Relay service at (800) 877-8339 or (800) 845-6136 (in 
Spanish). USDA is an equal opportunity provider, employer, and lender. 


Persons with disabilities who require alternative means for 
communication of program information (e.g., Braille, large print, audiotape, 
etc.) should contact USDA’s TARGET Center at (202) 720-2600 (voice and 
TDD). 
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UPLAND PRAIRIE SOILS 
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BOTTOM LAND SOILS 
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